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As THE United States shifts its political course 
under a Republican Congress it is to be hoped that 
the objective will be progress with responsibility. 
That can be accomplished by passing laws which 
are clear in statement of pur- 
pose. For almost 14 years this 
country has been giving au- 
thority to bureaus and commis- 
sions, under laws which are 


Progress with 
Responsibility 


indefinite. 

Men have been doing what they preferred to do 
under blanket authority. In consequence the 
American people have found themselves following 
conflicting directives. Progress under conflict is 
difficult if not impossible. 

Further, it is to be hoped that the stability of 
firm statutes will convince men in appointive 
places that taking liberty with authority will not 
be tolerated. A recent instance affects oil. Some of 
its personnel went to London along with men from 
the State Department to revise the Anglo-Amer- 
ican Oil Agreement. The men from the oil indus- 
try were of the opinion they had written:a docu- 
ment which gave no group control of either foreign 
or domestic oil operations. Further they were of 
the opinion that the agreement weuld not be used 
a8 a tool for seeking such control. 

But two representatives of the State Department 
recently took part in a national radio program 
Which left no doubt they favor extension of the 
oil agreement to the point of giving control to 
some branch of United Nations. Now the industry 
is seeking to put the brakes on approval by the 


Senate, although it is on record through the Amer- 
ican Petroleum Institute as favoring the agree- 
ment. 

Evidently the State Department has personnel 
who favor cartels provided they come by action 
of governments. All departments of government 
need men who recognize cartels as controls, re- 
gardless of the authority by which they are 
created. 

Much of the irresponsible control of business 
exists because the emergency wartime powers of 
the executive department have not been curtailed. 
It is to be hoped that the new Congress recog- 
nizes that World War II is over and that emer- 
gency powers of the President are out of order. 


ke WOULD seem that men of the caliber to 
justify their places on the Federal Power Com- 
mission would take the lead in so conducting its 
affairs that waste of natural gas will not become 
a profitable practice in the oil 
fields. Evidently this is not true, 
which means that the industry it- 
self must seek relief from Con- 
gress which set up the commission 
in 1938, evidently with the intent of giving it con- 
trol over natural gas in interstate movement. 
Now a court decision has given the commission 
authority to fix the profit of a concern which dis- 
tributes natural gas in a city or elsewhere. Since 
that profit is limited to 6% percent, it means that 
it pushes backward to the source of the gas which 


Promoting 
Waste 


Jo.) Bh November, 1946—A Gulf Publishing Company Publication 89 








are eager (0 
work lor 
vou ! 


HOUDRY 


CATALYTIC 


= 


LeU W KY SES y 





90 


The multiple problems of modern refining 

call for specialized knowledge and experi- 

ence in various phases of refinery opera- 
tions such as process engineering, refinery 
modernization, crude evaluation and economic 
analysis. Such a staff of specialists could 
hardly be supported by a refinery operation of 
moderate size. This presents no problem, how- 
ever, to Houdry licensees, fo. they have at 
their command the unexcelled facilities of 
Houdry Laboratories and the coordinated serv- 
ices of more than 500 top flight men in all 
ae of petroleum science and engineering. 


’ The continuous assistance of Houdry Labora- 
tories and engineers, plus the undisputable 
advantages of Houdry’s small TCC unit, enable 


the small refiner to meet competition of any 


> - 


strength. 
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may be produced along with oil. Hence an oil pro- 


ducer finds himself hamstrung by the profit al- 
lowed a public utility. The transportation com- 
pany can not pay more for gas than it can charge 
the distributing company. The oil producer can 
not afford to sell for such prices. One way out is to 
quit selling gas and flare it, thus taking his prop- 
erties out of the public utility class. In that he may 
run afoul of state regulation but these difficulties 
will be nearer home and that much easier of solu- 
tion. : 

Producing oil and gas is private venture. It is 
no more like a public utility than is producing 
hogs or eggs. Still the Federal Power Commission 
moves along without heeding the consequence of 
throwing the utility cloak over oil leases. 

The commission should move with the industry 
before the proper committee in Congress and ask 
for clarification. 


Ni tala the economic planners never 
seem to comprehend is the value of patent rights. 
Somewhere in their proposals lies the proposition 
that all technical development be pooled. In such 
reasoning the mental objective may 
have its justification. In so far as 
progress is concerned, the pooling 
obligation is a detriment. 

Men who arrive at scientific dis- 
coveries are prone to desire exclusive ownership. 
Since the pooling denies this, excursions into re- 
search lag accordingly. Consequently the hope of 
those who would have the few do good for the 
many remains only hope. The few prefer not to 
discover unless their rewards are convertible into 
money or its equivalent. 

Regardless of the dictum that men should strive 
simply for the joy of discovery, the hard fact is 
that discovery thrives best where the reward has 
more reality. Fortunately men who discover can 
not have this reward until they permit others to 
share in the discovery. 

It is all a part of the profit system under which 
the laborer being worthy of his hire should have 
companionship with the inventor: who is worthy 
of what he provides for his fellow man. 


Worthy of 
His Hire 


Future activities in research in our industry involve the 
development of economically practical use of gas synthesis, 
hydrogenation of coal and shale and exploitation of tar 
sands. The world still possesses great supplies of liquefied 
petroleum and gas and in addition has vast supplies of 
sedimentaly solids which through the developments of re- 
search can be converted into liquid hydrocarbons in such 
quantity to insure supplies for many years to come. 

In all this we must recognize the competitive force of 
other types of useful energy—certainly atomic energy is im 


the offing and awaiting only the development through re- . 


Search of means to harness it for whatever practical purpose 
tt can Serve. 
Henry H. Hewetson, President 
Imperial Oil Limited. 
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Looking back we can sce how each new advance could have 
been used to wreck and destroy or to give unwarranted power 
to one group or another, but our great advances come through 
men with the vision to see beyond the nearest street corner. 
And I do not for a moment believe that the scientists most 
responsible for the development of atomic power are in their 
hearts the tiniest fraction as interested in its awesome force 
as a weapon as they are in ihe ultimate benefits which 
nuclear physics can bring to mankind. 


A 


Dr. WitLarp H. Dow, in accepting 
the Chemical Industry Medal. 


Prob ESS in design can be appreciated by a 
glance at the record in catalytic cracking. Only | 
eight years ago the first commercial installation 
was described at the 1938 annual meeting of the 

American Petroleum Institute. Pilot- 


Small plant and semi-commercial-plant oper- 
ation pre-date that but in the literature 
Scale catalytic cracking is just-eight years 


old. 

Now it is available for the smaller refining 
plants. The size and cost of the early ones justified 
the fear that only the larger plants could be 
equipped with catalytic units. This fear was with- 
out faith in the design engineer. His tribute to 
progress is to come to satisfactory unit operation 
without excessive use of steel. The small-scale 
catalytic unit does that. 


Every broken contract or commitment, every round-about 
method used by anybody—an individual, a business concern, 
a union, a government or whatnot—which is designed to do 
something for one purpose while calling the purpose some- 
thing else is a danger to us all. 


—HeEnry J. TAYLor, 
in General Motors’ Folks 


yee the fear of exhaustion of oil reserves has 
stimulated research for substitute raw materials 
was one of the preliminary observations of R. C. 
Alden, Research Director of Phillips Petroleum 
Company, in his presentation of 
“Conversion of Natural Gas to Liq- 
uid Fuels” before the annual meet- 
ing of the California Natural Gaso- 
line Association, Los Angeles, Octo- 
ber 11. He gave the controversy this credit: 

“Tt is not my purpose to take a stand on whether 
U. S. reserves of petroleum are dwindling at an 
alarming rate, as some say, or whether this is 
merely, as others claim, hysteria which is apt to 
follow any period of excessive consumption. Both 
opinions appear in the literature. Whether new re- 
serves are located at an increasing or decreasing 
rate, the alarming predictions have served a good 
purpose in creating an increased awareness that 


Another 
Value 


‘our petroleum supplies are not inexhaustible and 


have further led to greater diligence in the search 
for substitute sources of motor fuel.” 
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TURBINES by ELLIOTT 


have what refinery engineers want in a 
mechanical drive unit. Thousands of them 
are demonstrating this every day with 
long non-stop runs, in vitally important 
drives, under tough conditions, installed 
indoors and out, wherever the need 
demands. Steam mostly, but in some 
cases driven by natural gas with equally 
satisfactory results. 


When a unit is ordered in lots of a 
dozen or more at a clip, by plants well 
known for careful selection of equipment, 
satisfactory performance is obviously 
taken for granted. This is the case with 
Elliott mechanical drive turbines. 


Built in a range of types and capacities 
covering all mechanical drive needs. 
Bulletins for the asking. 


SPRINGFIELD, O. — NEWARK, N. J. 





Petroleum Refiner—V ol. 25, No. Il 


COMPANY 


Steam Turbine Dept., JEANNETTE, PA. 
Plants at JEANNETTE, PA. — RIDGWAY, PA. 
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Analysis of 





Alkylates and Hydrocodimers 


AUGUSTUS R. GLASGOW, JR., ANTON J. STREIFF, CHARLES B. WILLINGHAM 
and FREDERICK D. ROSSINI 


As PART of its war-research program, the Amer- 
ican Petroleum Institute Research Project 6 at the 
National Bureau of Standards was called upon, by 
the Technical Advisory Committee of the Petroleum 
Industry War Council and the National Advisory 
Committee for Aeronautics, to determine the hydro- 
carbon components in a number of representative 
alkylates and hydrocodimers.* 

This report presents the results of the analyses— 
with respect to individual hydrocarbon components— 
of 28 different alkylates and hydrocodimers, includ- 
ing samples of sulfuric-acid alkylates, hydrofluoric- 
acid alkylates, sulfuric-acid hydrocodimers, and phos- 
phoric-acid hydrocodimers. 

The correlation of the composition of these 
alkylates and hydrocodimers with the conditions of 
manufacture on the one hand, and with the properties 
of the product on the other, is made in a paper by 
Gould and Field,’ delivered at this same session. 


Samples Analyzed 


The 28 different alkylates and hydrocodimers for 
which analyses are given in this report are listed in 
Table 1, which gives the API Research Project 6 
sample number, the name of the sample, the maker of 
the material, and the date on which the original 
report of analysis of the material was issued. Addi- 
tional identification and properties of the samples, 
the character of the “feed” stocks, etc., are given in 
the paper by Gould and Field,? delivered at this same 
session. 


Procedure 


The analyses were made by performing extended 
analytical distillations at high efficiency with high 
reflux ratio, and utilizing accurately measured values 
of boiling points (to +0.01° C.), obtained during the 
distillations, and values of refractive index (to 
+0.0001), obtained on the fractions of distillate after 
the distillation. 


“ In this report, the term alkylate is used to designate those mixtures 
ol pranched-chain paraffin hydrocarbons produced by the addition of 
efins to paraffins. In particular, a propylene (or Cs) alkylate is one 


ae from materials which are largely propylene in the olefin stock 
cos largely butanes in the paraffin stock; a butene (or C4) alkylate is 
© produced from materials which are largely butenes in the olefin stock 


r= oma in the paraffin stock; a pentene (or Cs) alkylate is one pro- 
bute rom materials which are largely pentenes in the olefin stock and 
—, in the paraffin stock; a dimer alkylate is one produced from 
— which are largely octenes in the olefin stock and butanes in the 
whi gy Stock; and a trimer alkylate is one produced from materials 
ch are largely dodecenes in the olefin stock and butanes in the 
Paraffin stock. 
FP og term hydrocodimer is used to designate those mixtures of branched- 
omen paraffin hydrocarbons (largely octanes) produced by the hydro- 
th on of a ‘‘codimer”’ (largely octenes) which has been: produced by 
€ codimerization of butenes. 


+ mas 
— M. Pauls, laboratory assistant on API Research Project 46, 
ormed most of these measurements. 
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te paper presents the results of work by the American Petro- 
leum Institute Research Project 6 on the analyses, with respect to 
individual hydrocarbon components, of 28 different alkylates and 
hydrocodimers. The samples reported include 15 sulfuric-acid 
alkylates (1 Cs, 6 Cs, 1 Ci-Cs, 4 Cs, 1 hot-acid dimer; 1 hot-acid 
trimer; and 1 cold-acid trimer); 5 hydrofluoric-acid alkylates (1 
Cs, 1 Cs-Cs, 1 Cs, 1 Cu-Cs, and 1 Cs); and 8 hydrocodimers. The 
analyses were made utilizing analytical distillations performed at 
high efficiency with high reflux ratio, together with et 
measured values of boiling point (obtained during the distillation 
and of refractive index of the fractions of distillate. 

Also included in this report is a summary of the results of the 
subsequent spectrographic analyses, with respect to individual 
components, of 1 of the C, alkylates by 6 different laboratories, 
involving | Raman, 1 mass, and 4 infrared spectrometers. 

The authors: Glasgow and Willingham, formerly research asso- 
ciate on API Research Project 6, now are chemists at the National 
Bureau of Standards, Washington. Streiff is research associate on 
API Research Project 6. Rossini is supervisor of AP! Research 
Project 6 on the “Analysis, Purification, and Properties of Hydro- 
carbons,” at the National Bureau of Standards. 

This paper was presented to the Division of Refining at the 
Twenty-sixth Annual Meeting of the American Petroleum Insti- 
tute, Chicago, November 12, 1946. 








Complete details of the assembly, testing, and 
operation of the distilling columns used in this work 
are given in other reports.” ® 

The procedure followed in the analyses of the 
alkylates and hydrocodimers reported here may be 
simply illustrated by following through one of the 
samples, as follows: 

A volume of 5500 ml of a C, alkylate (H,SO,), 
sample 27, was placed in still 4 on April 3, 1944. The 
distillation was continued until May 18, 1944, ap- 
proximately 1100 hours, with distillate being removed 
at the rate of 4.7 ml per hour. At each hour during 
the distillation (which corresponds to each 4.7 ml of 
distillate), the temperature of the liquid-vapor equi- 
librium in the head of the column was recorded to the 
nearest 0.01° C., and the increment in the volume of 
distillate was measured. The distillation yielded 272 
fractions of distillate—each about 19 ml in volume. 

The refractive index, np at 25° C., of each of the 
fractions of distillate was measured ¢ to +0.0001, 
using the NBS standard sample of 2,2,4-trimethyl- 
pentane as a reference substance, on Valentine re- 
fractometers, Abbe type, graduated directly to 0.0001. 

Plots of the boiling point, and of the refractive in- 
dex of the fractions of distillate, as a function of -the 
volume of distillate, were made on an expanded scale, 
with 1 mm on the horizontal scale equivalent to 5 ml 
in volume of the distillate, and with 1 mm on the 
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TABLE 1 
List of the 28 Alkylates and Hydrocodimers 








Sample Date of Report of 
No. Sample Maker of the Sample Analysis 
1 Ca Alkylate (H2804).... . Standard Oil Co. of New JerseyOct. 31, 1942 
2 C4 Alkylate (H2804).... yy .  \ eee Nov. 10, 1942 
4 Hydrocodimer (solid phosphoric-scid) . Standard Oil Co. (Indiana)... Dec. 19, 1942 
7 Cs Alkylate (H2S0.).. Standard Oil Co. of New JerseyMay 22, 1943 
9 C4 Alkylate (H2S0.)... “ The Atlantic Refining Co... ..Nov. 30, 1943 
10 C4 Alkylate (H2804).... ' .. The Atlantic Refining Co.. ...Dec. 18, 1943 
11 CaCs Alkylate (HaS804) ... The Atlantic Refining Co.... Dec. 11, 1943 
12 Cs Alkylate (H2S80.4).. ..-s+ey+-The Atlantic aes | Co.... . Dee. 6, 1943 
18 C4 Alkylete (HF)... Sinclair Refining Co. Nov. 30, 1943 
14 Cs Alkylate (HF). ..... Sinclair Refining Co... ...... Dec. 6, 1943 
15 Ca-Cs Alkylate (HF).... Sinclair Refining Co... . Dec. 18, 1943 
16 Ca-C«4 Alkylate (HF)........ Sinclair Refining Co. ........April 29, 1944 
17 Ca Alkylate (HF)....... Sinclair Refining Co... . Dec. 11, 1943 
20 Cs Alkylate (H2S804) Shell Oil Co... .... April 22, 1944 
21 + Trimer (hot-acid) alkylate ( (His80.) Shell Oil Co... .... ay 6, 1944 
22 Cs Alkylate (H2804).... Shell Oil Co wes May 13, 1944 
23 ~ Cs Alkylate (H2S804).. ; Shell Oil Co May 20, 1944 
24 C4 Alkylate (H2804)........... The Standard Oil Co. (Ohio)... Nov. 30, 1943 
27 Ca Alkylate (H2804)............ Standard Oil Co of New Jersey, 
(Louisiana Division). . . Oct. 15, 1944 
33 Hydrocodimer (phosphoric-acid)....... .Standard Oil Co. of New JerseyOct. 31, 1944 
34 Dimer (hot-acid) alkylate (H2804).... Shell Oil Co. .. ... Oct. 15, 1944 
35 Hydrocodimer (hot-acid) Shell Oil Co... ..... . Jan. 31, 1945 
36 Hydrocodimer (Lawrenceville)... The Texas Co .. se». May 15, 1945 
37 Hydrocodimer (Tulsa). . .... The Texas Co May 31, 1945 
41 Hydrocodimer (Lima ® ; 3 The Standard Oil Co. (Ohio)..June 15, 1945 
42 Hydrocodimer (Lima The Standard Oil Co. (Ohio)..Sept. 15, 1945 
43 Trimer (cold-acid) aks laie (H2S804)....The Pure Oil Co... June 15, 1945 
44 Hydrocodimer (HSO-1684).. .. Trimpell, Ltd June 30, 1945 








vertical scale equivalent to 0.2° C. in boiling point or 
to 0.0001 in refractive index. 

A reproduction of these plots of boiling point vs 
volume of distillate, and of refractive index vs. vol- 
ume of distillate, is shown in Figure 19 for sample 27. 

From its manner of preparation, the butene 
alkylate was known to be substantially all a mixture 
of paraffin hydrocarbons. The olefin content was 
checked by determination of the bromine number, 
using pure olefin-free “isooctane” as a reference.* The 
presence of possible small amounts of aromatic 
hydrocarbons, as well as olefin hydrocarbons, was 


* The bromine numbers were determined under the supervision of R. C. 
Hardy of the National Bureau of Standards Section on Lubricants and 
Liquid Buels. 


checked by searching for abnormalities in the curve 
of refractive index vs. volume, especially at or near 
the “break points.” Where found to be present in 
significant amount, allowance for the olefin or aro- 
matic hydrocarbon was appropriately made in the re- 
duction of the data from the curve of refractive index 
vs. volume. 

The next step in the reduction of the data was to 
determine the appropriate “break points” between 
adjoining horizontal or nearly horizontal parts of the 
curves of boiling point vs. volume and refractive 
index vs. volume. (For convenience, these parts of 
the distillation curve will be called “flats.’’) 

The appropriate break point between two adjoining 
flats is that point at which the distillate has a com- 
position which corresponds substantially to equal 
amounts of the material of the two flats. The break 
points can be determined easily in terms of equal 
volumes of material in the case of the curve of refrac- 
tive index, and in terms of equimolal amounts in the 
case of the curve of boiling point. Actually, however, 
the difference between equal volumes and equimolal 
amounts is not $ignificant in connection with ‘the 
location of the break points in the present investi- 
gation. 

In the simple case where each flat represents sub- 
stantially one compound (as, for example, compound 
“A” in one flat and compound “B” in the succeeding 
flat), the appropriate break point in the curve of 
boiling point vs. volume is at that volume where the 
distillate is, in mole fraction 0.5A and 0.5B—which 
point is located as being at the temperature deter- 
mined by the following relation: 


0.5P,+0.5 Ps=P (1) 


In equation (1), P4 and Ps, represent the vapor pres- 
sures of pure A and pure B, respectively, at the sought- 
for temperature ty, and P is the total pressure at 
which the distillation is performed. This ideal rela- 
tion holds sufficiently well for the mixtures of branched- 
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Results of the Analytical Distillation of C, Alkylate 
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(H:SO,), Sample 1. (Details are given in Table 4.) 
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The upper part of the figure gives the amounts of olefins from determinations of bromine numbers, and the shaded 
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FIGURE 3 


Results of the Analytical Distillation of Hydrocodimer (Solid Phosphoric Acid), Sample 4. 
(Details are given in Table 7.) 


of aromatics in this material. 
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area gives the increment in refractive index caused by the presence of smal lamounts of olefins and smaller amounts 
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FIGURE 4 
Results of the Analytical Distillation of C, Alkylate (H:SO.), Sample 7. (Details are given in Table 5.) 
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Results of the Analytical Distillation of C, Alkylate (H:SO,), Sample 9. (Details are given in Table 4.) 
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Results of the Analytical Distillation of C.-C; Alkylate (H.SO.), Sample 11. (Details are given in Table 5.) 
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FIGURE 8 
Results of the Analytical Distillation of C; Alkylate (H.SO,), Sample 12. (Details are given in Table 5.) 
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FIGURE 9 
Results of the Analytica! Distillation of C, Alkylate (HF), Sample 13. (Details are given in Table 4.) 
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Results of the Analytical Distillation of C; Alkylate (HF), Sample 14. (Details are given in Table 5.) 
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Results of the Analytical Distillation of C.-C; Alkylate (HF), Sample 15. (Details are given in Table 5.) 
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TABLE 2 


Information on the Analytical Distillation of 20 Alkylates and 8 Hydrocodimers 
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Theoretical Reflux Collection of | | Volume of | Total | 
Distilling Plates Ratio Distillate | Volume of | Each Time of | Results Analysis 
Sample | Column | (Approxi- (Approxi- (Mi Per | Charge | Fraction | Distillation | Plotted in Given in 

No. MATERIAL Number* | mately)* mately) Hour) (MI | (MI) (Hours) Figure Table 
1 | C4 Alkylate (H2SO.) H | 110 120/1 5 | 2,600 | 2 Uf. 1 | 4 
2 | Ca Alkylate (H2804) H 110 120/1 5 2,590 | 15 510 2 4 
4 Hydrocodimer (solid phosphoric-acid) H 110 120/1 5 2,600 15 575 3 7 
7 | Cs Alkylate (H2S0«) H 110 120/1 5 | 2600 | 15 530 | 4 5 
9 | C4 Alkylate (H2S04) H 110 120/1 5 | 2,600 15 600 | 5 4 
10 | C4 Alkylate (H2804 H 110 120/1 5 | 2,600 15 550 6 4 
11 Ca-Cs Alkylate (H2S804) H 110 120/1 5 | 2,600 15 600 | 7 5 
12 | Cs Alkylate (H280.4 H 110 =| = 120/1 5 | 2,595 15 | 575 8 5 
13 C4 Alkylate (HF) H 110 120/1 5 | 2,600 15 | 575 | Q 4 
14 Cs Alkylate (HF) H 110 120/1 5 2,565 15 } 530 10 5 
15 Ca-Cs5 Alkylate (HF Q 100 120/1 2.5 1,600 7.5 695 | 11 5 
16 Ca-C,4 Alkylate (HF) 2 100 120/1 2.5 1,790 7.5 | 670 12 3 
17 | Cs Alkylate (HF) P 100 120/1 2.5 1,625 75 (| 620 13 3 
20 Cs Alkylate (H2SO4 2 100 120/1 2.5 1,800 7.5 670 14 3 
21 Trimer (hot-acid) alkylate (H2804) 3 100 120/1 2.5 1,760 7.5 740 15 6, 
22 Cs Alkylate (H2804 2 100 120/1 2.5 1,790 7.5 740 | 16 5 
23 Cs Alkylate (H2804 3 100 120/1 2.5 | 1,790 7.5 790 17 5 
24 C4 Alkylate (H2804 P 100 120/1 2.5 1,600 7.5 620 18 4 
27 C4 Alkylate (H2S0.4 4 200 150/1 4.7 | 5,500 19 1,100 19 4 
33 Hydrocodimer (phosphoric-acid 2 100 120/1 2.5 1,800 7.5 740 20 | 7 
34 Dimer (hot-acid) alkylate (H2SO. 2 100 120/1 2.5 } 2,000 7.5 770 21 6 
35 Hydrocodimer (hot-acid 3 100 120/1 2.5 1,800 7.5 700 22 7 
36 Hydrocodimer (Lawrenceville 3 100 120/1 2.5 2,000 7.5 860 23 7 
37 Hydrocodimer (Tulsa 2 100 120/1 2.5 2,000 7.5 990 24 7 
41 Hydrocodimer (Lima 6 2 100 120/1 2.5 2,000 7.5 890 25 7 
42 Hydrocodimer (Lima 7 2 100 130/1 2.3 2,000 9.2 910 26 7 
43 Trimer (cold-acid) alkylate (H2SO4 2 100 130/1 2.3 1,970 9.2 890 } 27 6 
44 | Hydrocodimer (HSO-1684 3 100 130/1 2.3 2,370 9.2 | 1,100 | 28 7 
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* See reference 2. Column H was the same as column 9 except that the length of the rectifying section was 2.71 meters (107 in.). Columns P and Q were similar to columns 2 and 3. 
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Results of the Analytical Distillation of C.-C, Alkylate (HF), Sample 16. (Details are given in Table 3.) 
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FIGURE 13 
Results of the Analytical Distillation of C; Alkylate (HF), Sample 17. (Details are given in Table 3.) 


chain paraffin hydrocarbons encountered in this investi- 
gation. The sought-for temperature, ty, will always 
be less than the average of t, and tg. The difference 
between ty and the average of t, and tg becomes in- 
significant as tg approaches to t,; and, when ft, and tz 
differ only by several degrees or less, the break point 
may be located midway in temperature between the two 
flats without significant error. The break point ob- 
tained for equimolal amounts is, within the significance 
Ot the present data, assumed to be the same as the 
break point for equal volumes. 

Whenever the material on either or both flats is 
composed of two or more components, the break 
point is located as outlined previously, except that the 
temperatures on each of the .two flats are taken as 
measured and considered to be the average for the 
components on the given flats; and, further, the 
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changes of the boiling point with pressure are taken 
as an average of those for the possible components. 

Actually, although the location of the temperature 
of the break point becomes less certain the greater 
the difference in temperature between the two flats, 
the uncertainty of the location of the break point in 
terms of volume of distillate is little affected because 
of the fact that, as the difference in the two tempera- 
tures increases, the break between the .two flats 
becomes sharper, and there is a much more rapid 
change of temperature with volume. 

For the curve of refractive index vs. volume, when 
two adjoining flats represent single components, “A” 
and “B,” respectively, the break point is located at 
that point at which, when a vertical line is erected, 
the area bounded by the vertical line, the refractive- 
index curve to the left of the vertical line, and a hori- 
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zontal extension (to the right) of the refractive-index 
flat for compound “A” is equal to the area bounded 
by the vertical line, the refractive-index curve to the 
right of the vertical line, and a horizontal extension 
(to the left) of the refractive-index flat for compound 
“B.” This procedure assumes the refractive indices 
to be additive with volume on mixing—which assum- 
ption will not introduce any significant error for the 
mixtures of paraffin hydrocarbons encountered in this 
investigation. 

When one or both of the flats represent two or 
more components, the same procedure is followed, 
with the understahding that the refractive-index flat 
represents the mean refractive index for the two or 
more components of each case. 

If the data are exact and have been correctly re- 
duced, the break points on the curve of boiling point 
vs. volume will be located at the same volume as 
the. break point on the curve of refractive index vs. 
volume, within their respective limits of uncertainty. 
(In the present investigation, appropriate correction 








was made, as necessary, for the volume of liquid 
holdup in the line between the thermometer and the 
receiver. ) 

The next step was to estimate the relative amounts 
of the individual components when two or three re- 
solvable compounds occur in one flat. When there are 
only two possible components in one flat, the relative 
amounts of the two components can be calculated from 
the mean value of the boiling point on the flat and 
the known values of the boiling points of the two 
pure,compounds (at the given pressure), according 
to the relation: 

Xo + xp = 1 (2) 
xoPc + xpPp = Pu (3) 


where xX~ and xp are the mole fractions of the two 
components C and D, and Pe, Pp and Py are the vapor 
pressures, respectively, of pure C, pure D, and the 
mixture at the given temperature ¢. An independent 
value for the relative amounts of the two components 
can likewise be calculated from the mean value of the 
refractive index on the flat and the known values of 
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FIGURE 14 
Results of of the Analytical Distillation of C; Alkylate (H:SO,), Sample 20. (Details are given in Table 3.) 





IN ML. 





Petroleum Re finer—V ol. 25, No.l 














































the 
cor 


wh 
Spe 
tw 
wit 
eve 
equ. 
cani 


ne | 
pone 
volur 












No.! 


PERCENTAGE 


BY VOLUME 


























































70 
7, | es * 7 > 
190 ‘| | | =. 
. i , R1 14344 4 
180F— ¥ z 2 Z 2 
5 <= z 6 i “41.42 
x ae samen 
170- 5 2. s 5. § 
. 2 - 6 2 
bf y ¥Y ozy 
_ = = 
160h- 6 ¢€ - 28 
$6 3 9 fee! ae 
— N WN 
sol- z a ere Seer 
a : oe 
“<3 Rt Fr a ar : 
D xy a. N ay 
140k » of > 
wy BF E << ‘ 
qa ae x 
; a< = w “1402 
= . 52 z¥ 2 . | 
130 BE wm & 
2 1 FE 8¢ - E ee 
fe nr y a 4 ® TOTAL 
120- = VOLUME > 
! 22 pela e32mu]  ™ 
< | w Zu + i } =139 
a 2 ee A : a 
allOf- 5 ¥ I ae - 
ae = Yl “oe eP > are 
C100 HF mn! x | a 
® Oo ¥ ol © w 
_3 + +1380 
s od 3 : Nw ,; z 
. o : : 4 
aa > a | | | TRIMER (HOT ACID) ALKYLATE (H,S0,) w 
Oo ” | vs . 
> |- SAMPLE NO. 21 pm - 
- S helanenel * te 
< 70- 
1S) 
« f 1 < 
0 
a : l “36 uw 
= 
50r- uw 
40f- NATIONAL BUREAU OF STANDARDS 
ee ces CONTAINS OLEFINS MAY 6, 1944. 74135 
30- 
lo") | | | ts | i ! | l l l l | | 
(e) “8 200 400 600 800 1000 1200 1400 1600 
VOLUME IN ML. 
FIGURE 15 


Results of the Analytical Distillation of Trimer (Hot-Acid) Alkylate (H:SO.), Sample 21. 
(Details are given in Table 6.) 


the refractive indices of the two pure compounds, ac- 
cording to equation (2) and the relation: 

Xonc +xpNnp = nu (4) 
where ne, Mp, and ny are the refractive indices, re- 
spectively, of pure C, pure D, and the mixture. These 
two values of the relative amounts should be in accord 
within their respective limits of uncertainty.* How- 
ever, when Pg is nearly equal to Pp, and me is nearly 
equal to mp, the relative amounts of the two compounds 
cannot be determined from these properties. 

* The uncertainty in the value of the relative amounts of the two com- 


— one flat determined from the curve of refractive index vs. 
ume is given by the following relation: 


oxc = 





— fxo292n xp? o2n 2n yc] 1/2 
ee [xc?o2na -+- Xp? o*np + o*nm] 

on oe equation, np — nc is the difference in the refractive indices of 
te and pure D; xc is the mole fraction of the material which is 
is ‘ponent C; xp (or 1— xc) is the mole fraction of the material which 
vale ponent D, and onc, onp, and onm are the uncertainties in the 
tives of refractive indices of pure C, pure D, and the mixture, respec- 
vs ue corresponding uncertainty for the case of the curve of boiling point 
oe ume is obtained by substituting vapor pressure or temperature for 
tractive index in the foregoing equation. 


When a given flat represents 3 components, “A,” ee 
and “C,”’ the relative amounts of the 3 components 
may be estimated from the following 3 simultaneous 
equations : 


Xa + xs + xo = 1 (5) 
Mu = Xana “ Xans -}- Xonc ‘ (6) 
Pur. xaPa + xsPp, + xoPe (7) 


In the foregoing equations, +4, +, and %¢ are the frac- 
tions of A, B, and C, respectively; m4, mp, Mc, and ny 
are the refractive indices of A, B, C, and the mixture, 
respectively ; and P4, Pz, Po and Py are the vapor pres- 
sures of A, B, C, and the mixture, respectively, at the 
temperature on the flat. Whenever the value of a given 
property is nearly the same for two of the components, 
it will not be possible to determine the relative amounts 
of these two components, but only their sum, from the 
foregoing relations. 

When a given flat represents more than 3 com- 
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FIGURE 16 
Results of the Analytical Distillation of C; Alkylate (H:SO,), Sample 22. (Details are given in Table 5.) 


ponents, it is not possible to calculate the amounts 
of the individual components without measuring an 
additional property which has sufficiently different 
values for the several components. 

In the case of minor components appearing near 
the beginning or the end of one of the flats in the 
curve of boiling point vs. volume, the amount of such 
components can be calculated from the curve of re- 
fractive index vs..volume, when these minor com- 
ponents differ sufficiently in refractive index from 
the main component of the given flat. 

The values of refractive indices and of boiling- 
points at various pressures, for the pure paraffin hy- 
drocarbons involved in this investigation, were taken 
from the tables* of API Research Project 44. 

Following the foregoing procedure, and referring 
to the curves of boiling point vs. volume and refrac- 
tive index vs. volume in Figure 19, the various com- 
ponents of sample 27 were determined as follows: 
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1. From flats with one component: 
a. Material (largelynbutane) lower-boiling than isopentane 
b. Isopentane 
c. nPentane 
d. 2,3-Dimethylbutane 
e. 2,2,4-Trimethylpentane 
f. 2,3,4-Trimethylpentane 
g. 2,2,5-Trimethylhexane 
h. 2,3,5-Trimethylhexane 


2. From flats with one major component, with one oF 
more minor components at the beginning or end 
of the flat: 

a. 2-Methylpentane 

b. 2,4-Dimethylpentane 

c. 2,3-Dimethylpentane 
d. 2,3,3-Trimethylpentane 


3. From flats with two major components, with one oF 
‘two minor components at the beginning or ef 


of the flat: 
a. 2,5-Dimethylhexane plus 2,4-dimethylhexane 
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4. As minor companents occurring at the beginning 
or end of a flat: 
a. 3-Methylpentane 
b. 2-2-Dimethylpentane 
c. 2,2,3-Trimethylbutane 
d. 2-Methylhexane 
e. 3-Methylhexane 
f. 2,2-Dimethylhexane 
g. 2,2,3-Trimethylpentane 
h. 2,3-Dimethylhexane 
t. 3,4-Dimethylhexane 
Table 2 summarizes the important details concern- 
ing the analytical distillation of each of the 28 sam- 


ples. 


=~ 


Analyses of 28 Alkylates and Hydrocodimers 

Figures 1 to 28, inclusive, show graphically the re- 
sults of the analytical distillations of the 28 samples 
listed in Table 1. These illustrations show, as a func- 
tion of the volume of distillate and of the percentage 
by volume of distillate, the boiling point of the dis- 
tillate and its refractive index. Table 2 gives some 
additional information concerning the analytical dis- 
tillation of the 28 samples. 


Tables:3 to 7, inclusive, give the composition, with 
respect to individual components, of the material 
above pentanes for each of the 28 samples, as follows: 
Table 3, two propylene alkylates and one mixed 
propylene-butene alkylate; Table 4, seven butene 
alkylates; Table 5, five pentene alkylates and two 
mixed butene-pentene alkylates ; Table 6, one “dimer” 
alkylate and two “trimer” alkylates; Table 7, eight 
hydrocodimers. 

The butene alkylate analyzed by API Research 
Project 6 as sample 24 was also analyzed in part by 
several other laboratories. Table 8 gives a compari- 
son of the analysis of this butene alkylate by the fol- 
lowing laboratories: API Research Project 6, by the 
method described in this report; Standard Oil Com- 
pany (Indiana), by analytical distillation and physical 
properties of the distillate; Shell Oil Company, by 
analytical distillation and physical properties of dis- 
tillate, plus infrared for 2,3,4-trimethylpentane and 
2,3,3-trimethylpentane. 


From the values given in Tabes 3 to 7, inclusive, 
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Results of the Analytical Distillation of C; Alkylate (H:SO,), Sample 23. (Details are given in Table 5.) 
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Results of the Analytical Distillation of C, Alkylate (H.SO,), Sample 24. (Details are given in Table 4.) 


the values given in Tables 9 to 13 have been cal- 
culated. For the 20 alkylates and 8 hydrocodimers, 
Table 9 gives the relative amounts of hexanes, hep- 
tanes, octanes, and nonanes, and higher paraffins. 
Tables 10, 11, 12, and 13 give, for the 28 samples, the 
relative amounts of individual branched-chain hex- 
anes, heptanes, octanes, and nonanes, respectively. 


Results of the Cooperative Spectrographic 
Analysis of an Alkylate 


In order to obtain comparative data on the spectro- 
graphic analysis of a representative alkylate with 
the spectrometers being brought into use by the 
laboratories of the petroleum industry, and also to 
see how such analyses might compare with analyses 
made by the method of extended analytical distilla- 
tion (plus boiling point and refractive index) as de- 
scribed in this report, one of the alkylates analyzed 
in the present work was prepared for subsequent 
spectrographic analysis by several different labora- 
tories. 

The alkylate selected for this cooperative analysis 
was the butene alkylate as sample 27. The approxi- 
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mately 5 liters of distillate, collected as 272 fractions, 
was blended into 50 lots, as shown by the horizontal 
row of numbers near the middle of Figure 19, which 
shows graphically the results of the analytical dis- 
tillation of sample 27. From each of these 50 lots, 
8 samples of 4 ml each were sealed in glass am- 
poules. The material remaining in each of the 50 lots 
was also sealed in glass ampoules for retaining. One 
set of 50 samples was sent to each of the laboratories 
for spectrographic analysis. The laboratories partici 
pating in the cooperative spectrographic analysis 0! 
sample 27, together with the methods used, and the 
date of reporting the analysis, are as follows: 

1. Standard Oil Development Company, Elizabeth, New 
Jersey; with infrared spectrometer; analysis reported Janv- 
ary 2, 1945. 

2. The Atlantic Refining Company, Philadelphia; with mass 
spectrometer; analysis reported June 22, 1945. 

3. Socony-Vacuum Laboratories, Paulsboro, New Jersey: 
with infrared spectrometer; analysis reported July 25, 1945. 

4. Sun Oil Company, Norwood, Pennsylvania; with Kamat 
spectrometer; analysis reported October 8, 1945. a! 

5. Universal Oil Products Company, Riverside, Illinois, 
with infrared spectrometer; analysis reported April 24, 19 , 

6: Phillips Petroleum Company, Bartlesville, Oklahoma; 
with infrared spectrometer; analysis reported June 20, 1 

The spectrographic analyses reported by the sev 
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TABLE 3 





Analyses of Two Propylene Alkylates and One Mixed Propylene-Butene Alkylate 





C3 C3 C3-C4 
Alkylate (H2S04) Alkylate (HF) Alkylate (HF) 
Sample Sample 17 Sample 16 


Boiling Point (See Fig. 15) 


(See Fig. 14) 


(See Fig. 1”) 





at 1 Atmosphere — 
















































COMPONENTS (°C.) PERCENTAGE B¥ VOLUME (Abeve Pentanes) 
2, 3-Dimethylbutane 58.0 "3.584 1.0) 2.98+ 0.6) 14+ O7los 495 
2-Methylpentane. . . 60.3 17+09'553 +10 1440 5.0 + 0,5\ 0.9 + 0.5) * ; 
3-Methy|pentane 63.3 0.1 + 0.1) 0.7 + 0.4 J q 
2, 2-Dimethylpentane 79.2 1.1 + Illes 0.8 + 0.8 0:7 & Ott i 
2’ 4-Dimethylpentane 80.5 26.2>4 15/773 + 95 ig ony 9 3)19 0+ 05 4 ont 1.0) 4:9 + 0.5 ; 
2, 3-Dimethylpentane.. . 89.8 36.1:+ 1.1leo , 4 21.1 + 1.0 4.5 + 1.0) : 
2-Methylhexane...... *90.1 2:3 + 1 [38.4 0.5)°1'3 + 1 p22. + 0.5) og 405 5.3 +.0.8 ; 
3-Methylhexane 92.0 ' 
2, 2, 4-Trimethylpentane 99.2 7.8 + 0.5 16.3 + 0.5) 30.04+ 1.0 : 
Olefins ‘ 99-109 0.2 + 0.1165 + 0.5 ; 
_ TRE AISSS 110.6 0.06+ 0.02 j 
2, 5-Dimethylhexane 109.1 L 2 5e+ 0.8 | 4.0°+ 1.0) | 9.1¢e+ 2.0 
2, 4-Dimethylhexane.. . 109.4 own 88 & 6.6 > 5.1 + 1.0) 11.4 1.2 4 
2, 2, 3-Trimethylpentane 109.8 0.8 + 0.5) 1.1 + 0.6) 2.3 + 1.2) | 
2, 3, 4-Trimethylpentane . 113.5 25+ 1.0 3.4 + 1.5) 6.8 + 2.0) ; 
2, 3, 3-Trimethylpentane . 114.8 3.2 + 1.0}6.9 + 1.0 3.9 + 1.5) 8.2 + 1.5 6.7 + 2.0)17.5 + 2.0 j 
2, 3-Dimethylhexane 115.6 1.2¢4+ 0.6 0.94+ 0.5) 4.04+ 2.0) 
Isoparaffins 115. 6-124. 1 1.3 + 0.7 } 
2, 2, 5-Trimethylhexane. . 124.1 1.4 + 0.7 4.5 + 1.5 8.2 + 1.5 { 
Isononanes poke 126-143 0.8 + 0.5 2.4 + 0.5 
2, 3, 5-Trimethylhexane 131.4 1.834 10\,9 449 } 
Aromatics Seal 125-133 0.07+ 0.04 = } 
Isononanes 133-143 1.53+ 0.9 41.6 + 0.9 
Aromatics 0133-149 0.07+ 0.04/°°” : 
Isoparaffins 143-151 2.2 + 1.0 3.3 + 1.0 
Isoparaffins. . > 143 15.5 + 0.9 | 
Isoparaffins 151-160 1.5 + 0.7 2.2 + 0.8 | 
Isoparaffins >16 5.1 + 0.8 : 
Isoparaffins 160-175 7.7 + 1.5 i 
Isoparaffins >175 3.7 + 1.0 H 
iesy ie ; 
Total 100.0 100.0 100.0 ' 
* May include a smal! amount of 2, 2-dimethylbutane. b May include a small amount of 2, 2, 3-trimethylbutane. ¢ May include s smal! amount of 2 : 
2-dimethylhexane. 1 May include a small amount of 3, 4-dimethylhexane. : 
. 
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. * TABLE 6 ’ 
Analyses of Three “‘Dimer’’ and “Trimer’”’ Alkylates 













Trimer (Cold-Acid) 


Trimer (Hot-Acid) 
Alkylate (H2S0.) 


Alkylate (H2S0.) 





Dimer (Hot-Acid) 
Alkylate (H2S04) 













Sample 34 Sample 21 Sample 43 
Boiling Point (See Fig. 21) (See Fig. 15) (See Fig. 27) 
at 1 Atmosphere — -- SS 
COMPONENTS (°C.) PERCENTAGE BY VCLUME (Above Pentanes) 
2, 3-Dimethylbutane 58.0 3.494 0.9 4.284 1.0) 59 4 95 6-69+ 08 
2-Methylpentane 60.3 11405549+05)17+09)°° * 13407'84+406 
3-Methylpentane. . 63.3 0.4+ 0.2 05+ 0.3 
2, 2-Dimethylpentane 79.2 0.3 + 0.2) 0.3 + 0.3) 0.5+03\ .,,, 
2; 4-Dimethylpentane 80.5 2.6b+ 0.8) 29 +95 gong og} 49+ 9-5 g'5ny 9 7/ 5-0 + 05 
2, 3-Dimethylpentane 89.8 26+ 0.8 3.2 + 0.8 
2-Methylhexane 90.1 -1.4+ 0.5 ‘ > 2.9 + 0.5) 4997 3-6 + 0.5 
3-Methylhexane 92.0 03401 04+0.2 
2, 2, 4-Trimethylpentane 99.2 35.6 + 1.0 30.5 + 0.5 31.4 + 7 
2, 5-Dimethylhexane 109.1 * Gee . | a ae | ai 
2; 4-Dimethylhexane 109.4 ) 7.20 1.8) 9 9 + 1 5f 84°F 15i19 9 + 1.0f 83°F 15) 9 4 + 1.0 
2, 2, 3-Trimethylpentane 109.8 1.8 + 1.2 2.5 + 1.0 1.1 +06 
2, 3, 4-Trimethylpentane 113.5 15.7 + 2.0 10.4 + 2.0 14.9 + 2.0 
2, 3, 3-Trmethylpentane 114.8 16.9 + 2.0)35.4 + 2.0 11.9 + 2.0}246 +20125+20\,, 94.15 
2, 3-Dimethylhexane 115.6 284+ 1.4 2.34¢+ 1.1 1.9 + 0.9/* 
3, 4-Dimethylhexane 117.7 07+ 0.4 
2, 2, 5-Trimethylhexane ‘ 124.1 24+0.8 441.5 3.4 + 1.0 
Isononanes 127-143 06+ 0.4 16+0.8 1.1 + 0.6 
Isoparaffins 143-151 06+ 0.4 
Isoparaffins 143-160 1.1 0.6 
Isoparaffins 147-152 2.3 + 1.0 
Isoparaffins 151-160 04+04 
Isoparaffins > 152 5.4 + 0.5 
Isoparaffins 160-175 18 +08 15+ 1.0 
lsoparaffins >175 49+08 11.8 + 2.5 









Total 100.0 100.0 100.0 


















® May include a small amount of 2, 2-dimethylbutane. b May include a smal! amount of 2, 2, 3-trimethylbutane. ¢ May include a smal! amount of 2, 
2-dimethylhexane 4 May include a small amount of 3, 4-dimethylhexane. 
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FIGURE 20 


Results of the Analytical Distillation of Hydrocodimer (Phosphoric Acid), Sample 33. 
(Details are given in Table 7.) 
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FIGURE 21 
Results of the Analytical Distillation of Dimer (Hot-Acid) Alkylate (H:SO,), Sample 34. 
(Details are given in Table 6.) 
TABLE 8 
Comparison of the Analysis of the Octanes in the Butene Alkylate, 
Sample 24, by Several Laboratories 
API Research Standard Shell Oil 
Project 6 Oil Company Company 
November Indiana) (February 22, 
30, 1943 July 29, 1943) 1944) 
Components Percentage by Volume (Above Pentanes 
2,2,4-Trimethylpentane 35.5+0.5 35.8 35.1 
2,5-Dimethylhexane 
2,4-Dimethylhexane 5.4+1.0 6.9 4.8 
2,2,3-Trimethylpentane 
; 2,3,4-Trimethylpentane 24.0+2.0 24.1 25.5 
2,3,3-Trimethylpentane 25.2+2.0 25.2 25.5 
2,3-Dimethylhexane 2.41.5 1.1 
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TABLE 9 


. 
Relative Amounts of Hexanes, Heptanes, Octanes, and Nonanes 
and Higher Paraffins, in 20 Alkylates and 8 Hydrocodimers 
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Plus 
| | Hex- Hep- Oc- Higher 
| anes tanes | tanes |Paraffins| Total 
Sample | ———--) ——» -' ——___}] —_____'____-- 
No. | MATERIAL RELATIVE AMOUNT BY VOLUME 
20 | C3 Alkylate (H2S804) 5.3 65.7 18.0 | 11.0 | 100.0 
17 | C3 Alkylate (HF) 5.0 41.5 29.7 | 23.8 100.0 
16 C3-C4 Alkylate (HF) 2.3 10.2 60.3 27.2 | 100.0 
1 | C4 Alkylate (H2S0s) 8.8 6.7 67.5 17.0 | 100.0 
2 | C4 Alkylate (H2S04) 12.6 1.3 63.7 12.4 100.0 
9 | C4 Alkylate (H2SOs) 8.3 7.5 68.2 16.0 100.0 
10 C4 Alkylate (H2804) 9.4 7.7 73.1 9.8 100.0 
24 C4 Alkylate (H2S04 2.1 2.1 92.5 3.3 100.0 
27 C4 Alkylate (H2S804 6.8 7.0 67.0 19.2 100.0 
13 C4 Alkylate (HF) 2.1 4.5 83.6 9.8 100.0 
15 C4-C5 Alkylate (HF) 1.5 3.5 65.2 29.8 | 100.0 
1] C4-Cs5 Alkylate (H2S04 5.0 4.2 49.9 40.9 100.0 
7 Cs Alkylate (H2S804) 5.8 3.5 30.6 | 60.1 100.0 
12 Cs Alkylate (H2S04 6.0 3.8 28.7 | 61.5 | 100.0 
22 Cs Alkylate (H2804 3.2 2.4 45.9 | 48.5 100.0 
23 C5 Alkylate (H2804 4.4 3.2 36.5 55.9 100.0 
14 C5 Alkylate (HF) 1.6 3.3 39.6 | 55.5 100.0 
34 Dimer (hot-acid) alkylate 
H2804) 4.9 43 | 80.0 10.8 100.0 
21 Trimer (hot-acid) alkylate | 
12804) 5.9 7.8 66.0 20.3 100.0 
43 ) Trimer (cold-acid) alkylate 
H2804 ' 8.6 70.8 } 12.2 100.0 
3h Hydrocodimer (hot-acid) 0.2 1.0 95.8 3.0 | 100.0 
4 Hydrocodimer (solid phos- | 
phoric-acid) 0.7 2.8 90.7 5.8 100.0 
33 Hydrocodimer (phosphoric-acid) 1.5 0.9 923 | 53 100.0 
36 Hydrocodimer (Lawrenceville) 0.8 2.7 83.9 12.6 100.0 . 
37 Hydrocodimer (Tulsa) 2.6 19.9 70.6 6.9 100.0 
41 Hydrocodimer (Lima 6 0.5 2.0 85.5 12.0 100.0 
42 Hydrocodimer (Lima 7 0.5 3.2 78.1 19.2 | 100.0 
44 Hydrocodimer (HSO-1684 0.8 10.1 74.6 14.5 100.0 
| 
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FIGURE 22 
Results of the Analytical Distillation of Hydrocodimer (Hot-Acid), Sample 35. (Details are given in Table 7.) 
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Results of the Analytical Distillation of Hydrocodimer (Lawrenceville), Sample 36. 
(Details are given in Table 7.) 


TABLE 10 


Relative Amounts of 2,3-Dimethylbutane in the Hexane 


Fraction of 15 Alkylates 





| 2,2-Dimethyl- 
| butane Plus 

























2,3-Dime- 2-Methyl- 
thylbutane | pentane Plus 
3-Methyl- 
pentane Total 
Sample ~— =! -_.-' -—- 
No. MATERIAL Relative Amount by Volume 
20 Cs Alkylate (H2S04) 66.0 34.0 100 
17 Ca Alkylate (HF) 58.0 | 42.0 100 
16 Ca-C4 Alkylate (HF) | 60.9 39.1 100 
| C«4 Alkylate (H2504) 62.5 37.5 100 
2 C4 Alkylate (H2S04) 64.5 35.5 100 
9 C4 Alkylate (H2S804) 78.3 21.7 100 
10 C4 Alkylate (H2S04) 74.5 25.5 100 
27 =| Ca Alkylate (H2S04) 76.5 23.5 100 
11 | Ca-Cs Alkylate (H2S04) | 56.0 44.0 100 
7 | Cs Alkylate (H2S504) | 44.8 55.2 | 100 
12 Cs Alkylate (H2804) | 45.0 55.0 100 
23 Cs Alkylate (H2SO4) 47.7 §2.3 | 100 
34 | Dimer (hot-acid) alkylate (H2804) 69.4 30.6 | 100 
21 Trimer (hot-acid) alkylate (H2SO4) 71.2 28.8 | 100 
43 Trimer (cold-acid) alkylate (H2S804) 78.6 21.4 | 100 
—— SS en 
Average 64+10 36+10 | 100 
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: TABLE 11 
Relative Amounts of the Heptanes in 20 Alkylates and 
































. 7 Hydrocodimers - . 
; ; ; 
| | | 2. 
| Methyl- 
| | } hexane 
| 2,2- | 24- | 2,3 | Plus 
| Dime- | Dime- Dime- 3- 
| thyl- thyl- thyl- | Methyl- 
pentane | pentane pentane | hexane | Total 
Sample | ——__—_-| —_____]______!______!___ 
No. | MATERIAL Relative Amount by Volume 
20 C3 Alkylate (H2S80.) 17 | 39.9 | 54.9 3.5 | 100.0 
17 | C3 Alkylate (HF) 19 | 44.0 | 51.0 3.1 100.0 
16 | Cs-C4 Alkylate (HF) os | @a 44.1 7.8 100.0 
1 | C4 Alkylate (H2S0.) 53.7 32.9 13.4 100.0 
2 | C4 Alkylate (H2SO«).. 6.2 | 487 | 30.1 15.0 | 100.0 
9 | C4 Alkylate (H2S04) 6.7 | 56.0 | 28.0 9.3 | 100.0 
10 C4 Alkylate (H2S04) 10.4 | 50.6 32.5 6.5 100.0 
24 C4 Alkylate (H2S04) 52.4 47.6 100.0 
27 C4 Alkylate (H2S04) 29 | 52.9 | 37.1 | 4.3 *97.2 
13 | C4 Alkylate (HF) 57.8 | 42.2 100.0 
15 | Ca-Cs Alkylate (HF) 51.4 48.6 100.0 
11 | Ca-Cs Alkylate (H2S04) 54.8 26.2 | 19.0} 100.0 
7 | Cs Alkylate (H2504) | 51.4 48.6 100.0 
12 Cs Alkylate (H2S04) 55.3 44.7 100.0 
22 Cs Alkylate (H2S04) 62.5 37.5 100.0 
23 | Cs Alkylate (H2SO4) 53.1 313 =| 15.6; 100.0 
14 | Cs Alkylate (HF) 42.4 57.6 100.0 
34 | Dimer (hot-acid) alkylate | 
| (HeSO4) 7.0 60.5 | 32.5 100.0 
21 Trimer (hot-acid) alkylate | 
(H2804) 3.8 59.0 33.3 3.9 100.0 
43 Trimer (cold-acid) alkylate 
(H2804)... 5.8 52.3 | 37.2 4.7 100.0 
4 Hydrocodimer (solid phosphoric- 
| acid) 44.4 40.8 14.8 100.0 
33 | Hydrocodimer (phosphoric-acid). 6.7 93.3 100.0 
36 Hydrocodimer (Lawrenceville 37.0 63.0 100.0 
37 | Hydrocodimer (Tulsa). . . 18.2 75.7 | 6.1 100.0 
41 | Hydrocodimer (Lima 6) 30.0 70.0 100.0 
42 Hydrocodimer (Lima 7) 31.8 |} 61.4 | 6.8 100.0 
44 Hydrocodimer (HSO-1684) 24.5 | 75.5 100.0 
* Contained also some 2,2,3-trimethylbutane; relative amount 2.8. 
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Results of the Analytical Distillation of Hydrocodimer (Tulsa), Sample 37. (Details are given in Table 7.) 
{549} 


EM ete 27 


a eeeemeereemant: =o. 


AT 25 No 
Pe AAD A a lt a ee ee omer pane TES 


Munna tat Aadbdelggor 


INDEX 


Pan bl soon aeecbtee et es 


REFRACTIVE 












TABLE 12 
Relative Amounts of the Octanes in 20 Alkylates and 8 Hydrocodimers 








































































































j | 
| eo | | 
| Dimethyl | | - 
| _ 2,2,4- 2,2. | hexane Plus| 2,2,3- | 2,34- |  2,3,3- 2,3- 3,4- 
| Trimethyl- | Dimethyl- |2,4-Dimethyl-| Trimethyl- Trimethyl- | Trimethyl- | Dimethyl- Dimethyl, 
Semele pentane hexane | hexane | pentane pentane | pentane hexane hexane Total 
Sam | - - a ! ' | —} 
No. MATERIAL RELATIVE AMOUNT BY VOLUME 
20 | Cs Alkylate (H2S0.) 43.3 | 13.9 44 13.9 — | a.) | 100.0 
17 | Cs Alkylate (HF) 55.1 13.5 3.7 11.5 13.2 3.0 | | 100.0 
16 Cs-C4 Alkylate (HF) 49.9 15.1 3.8 | 11.3 11.1 6.6 | 2.2° 100.0 
I C4 Alkylate (H2804) 44.5 12.0 2.7 13.8 21.5 5.5 100.0 
2 | C4 Alkylate (H280.) 35.2 16.2 3.0 24.0 16.3 5.3 | 100.0 
ot) C4 Alkylate (H2S04 38.0 11.6 2.5 24.0 17.7 6.2 100.0 
100 | Ca Alkylate (H2S80.4) 36.7 11.3 2.2 26.3 20.4 3.1 100.0 
24 | C4 Alkylate (H250. 38.4 3.7 2.2 25.9 27.2 2.6 100.0 
27 | Cz. Alkylate (H2S04) 39.9 0.4 10.8 1.9 21.3 20.2 4.9 0.6 100.0 
13 C4 Alkylate (HF) 49.9 16.0 3.5 11.2 12.0 7.4 100.0 
15 C4-Cs Alkylate (HF 51.1 15.5 3.2 } 10.9 12.4 6.9 100.0 
ll C4-Cs Alkylate (H2804 40.5 10.7 1.6 | 23.3 20.5 3.4 100.0 
7 C5 Alkylate (H280.4) 43.0 14.1 2.9 | 21.6 14.8 3.6 100.0 
12 Cs Alkylate (H2804) 43.4 14.3 j 2.4 14.7 24.5 0.7 100.0 
22 C5 Alkylate (H2S04 47.3 8.1 1.5 20.5 20.7 1.9 100.0 
23 Cs Alkylate (H2S804 47.4 10.7 2.2 7.6 19.6 2.5 100.0 
14 Cs Alkylate (HF 61.1 9.9 1.8 13.6 10.6 3.0 100.0 
34 Dimer (hot-acid) alkylate (H2S04) 44.5 9.0 2.3 19.6 21.1 3.5 100.0 
21 Trimer (hot-acid) alkylate (H2S0.4) 46.2 12.7 3.8 15.8 18.0 3.5 100.0 
43 Trimer (cold-acid) alkylate (H2S04) 44.4 11.7 1.5 21.0 7.7 2.7 1.0* 100.0 
35 Hydrocodimer (hot-acid) 37.7 43 1.0 27.7 20.3 7 1.5 t 100.0 
4 Hydoccodimer (solid-phosphoric-acid) 11.4 1.4 7.7 10.6 50.4 9.9 6.4 2.2* 100.0 
33 Hydrocodimer (phosphoric-acid) 13.1 2.9 3.1 12.8 } 47. 16.3 4.7 t 100.0 
36 Hydrocodimer (Lawrenceville 7.9 2.8 5.7 12.7 | 52.4 7.3 7.7 3.5° 100.0 
37 | Hydrocodimer (Tulsa) 10.3 2.6 3.5 121 | 497 7.4 6.8 7.6° 100.0 
41 Hydrocodimer (Lima 6) 13.1 2.5 2.1 17.4 46.0 8.5 5.0 5.4* 100.0 
42 Hydrocodimer (Lima 7 6.7 2.3 9.6 12.9 48.1 5.9 9.5 5.0* 100.0 
44 Hydrocodimer (HSO-1684 37.6 1.2 3.0 10.9 38.9 4.3 2.6 1.5° 100.0 
* May include some other octanes t Some 3,4-dimethylhexane not included. 
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FIGURE 25 
Results of the Analytical Distillation of Hydrocodimer (Lima 6), Sample 41 











. (Details are given in Table 7.) 
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Results of the Analytical Distilletion of Hydrocodimer (Lima 7), Sample 42. (Details are given in Table 7.) 


eral cooperating laboratories are summarized in Ta- 
ble 14. The results indicate good agreement not only 
among the laboratories using the same type of spec- 
trometer (infrared), but also among those using dif- 
ferent types of spectrometers (mass, Raman, infra- 
red). Further, the results from the spectrographic 
analyses are in good accord with the analysis of sam- 
ple 27 from the present work. 


Discussion 
In connection with the analyses presented in this 
report, the following observations may be made: 


a. In relative amount among the heptanes, octanes, 
and nonanes, the heptanes are largest in the propylene 


manufacture, as shown in the report by Gould and 
Field,! delivered at this meeting. 

c. In the 15 alkylates having appreciable amounts of 
hexanes the amount of 2,3-dimethylbutane was, on the 
average, 64+10 percent of the total hexanes. 

d. In both the alkylates and hydrocodimers, the hep- 
tanes present in large relative amount are 2.4-dimethyl- 
pentane and 2,3-dimethylpentane, with 2,2-dimethylpen- 
tane, 2-methylhexane, and 3-methylhexane present in 


TABLE 13 


Relative Amounts of 2 Nonanes (Trimethylhexanes) 
in 11 Alkylates 





























alkylates, the nonanes are largest in the pentene alky- | eas one 

lates, and the octanes are largest in the butene alkylates | Trimethyl- | Trimethyl- 

and the dimer and trimer alkylates. Sete Lee nemanp «| tae 

b. The various paraffin-hydrocarbon isomers are pro- = are ba eS ee 

duced in relative amounts which do not, in’a broad | |. Go-Go Amatate GO? | 74 | a3 = 
Sense, correspond to thermodynamic equilibrium, al- 2 | C4 Alkylate (HaS0.) | 822 17.8 100 
though in some cases two or three isomers of not too ME Se py ew | ar} He 4 
dissimilar structure may be found in relative amounts . | SCs AE te eROe) | .e ros 
Corresponding approximately to thermodynamic * equi- 12 | Cs Alkylate (Ho804) | a0 19.9 100 
librium.*® This observation is apparent from the fact a3 | Ge Aiviate TaD.) | Ho 160 100 
that the relative amounts of the individual dimethyl- 14 | Cs Alkylate (HP) |_43 | ss = 
hexanes and the individual trimethylpentanes can be , Average | 829415 | 17.1+1.5 | 100 


appreciably altered by changes in the conditions of 
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TABLE 14 
Summary of the Results of the Cooperative Analyses of the Butene Alkylate, Sample 27 










































































Standard Oil Secony- Universal Phillips 
Boiling Development Atlantic Vacuum Sun Oil Oil Products Petroleum 
Pout at I (January 2, (June 22, (July 22, (October8, (April24, (June 20, 
Atmosphere API Research Project 6 1945) 1945) 1945) 1945) 1946) 1946) 
COMPONENTS (°C.) (October 15, 1944) (Infrared) (Mass) (Infrared) (Raman) (Infrared) (Infrared) 
PERCENTAGE BY VOLUME OF THE TOTAL ALKYLATE 
Isobutane 11.7 0.03 
nButane 0.5 0.34 0.31 0.25 0.37 
N eopentane 9.5 0.06 0.07 0.09 
Isopentane 27.9 83 +05 8.2 8.028 8. 00> 8.20¢ 8.004 
nPentane 36.1 06+ 0.3 0.4 0.35 0.40 0.43 0.46 
2, 2-Dimethylbutane 49.7 0.0 0.0 0.0 0.00 0.02 0.0 
2, 3-Dimethylbutane 58.0 47408) eo, 05 4.4 4.84 4.82 4.72 4.76 
2-Methylpentane 60.3 1.1+ 0.5 = 1.2 1.02 1.00 0.98 1.00 
3-Methylpentane 63.3 0.4+0.2 1.1 0.42 0.43 0.46 0.45 
2, 2-Dimethylpentane 79.2 0.2 + 0.2 0.0 ‘ 0.00 0.00 0.02 
2, yh or ery 80.5 3.4+09>3.8 0.5 3.4 3.55 3.49 3.4! 3.56 3.50 
2, 2, 3-Trimethylbutane 0.9 0.2+ 0.2) 0.2 e 0.20 0.27 0.28 0.25 
2, 3-Dimethylpentane 89.8 23 + 0.6 2.4 2.32 2.71 2.6 2.44 2.25 
2-Methylhexane.. .. 90.1 03 +02! 26+0.5 0.1 0.18 0.07 0.2 0.10 0.16 
3-Methylhexane 92.0 als “ 0.2 0.15 0.04 ‘ 0.06 0.13 
2, 2, 4-Trimethylpentane 99.2 24.3 + 0.9 24.6 244 24.28 24.1 24.40 24.41 
2, 2-Dimethylhexane. . 106.8 0.2+0.2 0.0 = 0.05 0.10 0.08 
2, 5-Dimethylhexane 109.1 66+ 1.4) 8.0 09 4.3 4.48 4.37 7.6 4.46 4.43 
2, 4-Dimethylhexane 109.4 . 3.0 2.70 2.70 2.76 2.83 
2, 2, 3Trimethylpentane 109.8 1.2 + 0.6) 1.3 1.21 1.02 1.1 1.34 1.21 
2, 3, 4-Trimethylpentane 113.5 13.0 + 1.8 12.0 12.4 12.7: 12.5 12.38 12.62 
2, 3, 3-Trimethylpentane 114.8 12.3 + 1.8lo. - 14 12.7 12.3 12.64 12.7 12.49 12.25 
2, 3-Dimethylhexane : 115.6 3.0 +1.45"°° 3.1 3 of 2.49 33 2.56 2.84 
3, 4-Dimethylhexane 117.7 0.4+03 0.2 0.63 Dla 0.7% 0.52 
2, 2, 5-Trimethylhexane 124.1 45+0.9 4.56 4.0f 4.25 4.28 
2, 3, 5-Trimethylhexane 131.4 09 +05 
Higher-boiling isoparaffirs >131.4 12.1+05 
Total 100.0 
* 0.09 percent of pentanes also found. > 0.08 percent of pentanes also found. © 0.03 percent of olefins also found. 4 Trace of 2-methyl-1-butane 
¢ The sum of 2, 2-dimethylpentane and 2, 2, 3-trimethylbutane reported to be 0.25 percent. f Corrected for a small amount of this component occurring in 
adjacent lots not analyzed by this laboratory. 
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FIGURE 27 


Results of the Analytical Distillation of Trimer (Cold-Acid) Alkylate (H:SO.), Sample 43. 
(Details are given in Table 6.) 
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FIGURE 28 


Results of the Analytical Distillation of Hydrocodimer (HSO-1684), Sample 44. 
(Details are given in Table 7.) 


small amount, and the other heptanes being substantially 
absent. : 

e. In the alkylates, the octanes present in large rela- 
tive amount are 2,2,4-trimethylpentane, 2,3,4-trimethyl- 
pentane, and 2,3,3-trimethylpentane, with 2,5-dimethyl- 
hexane, 2,4-dimethylhexane, and 2,3-dimethylhexane 
present in small amount, and the otther octanes being 
substantially absent. 

f. In the hydrocodimers, excluding the hot-acid hydro- 
codimer, sample 35, the octane present in largest rela- 
tive amount is 2,3,4-trimethylpentane, with 2,2,4- 
trimethylpentane, 2,2,3-trimethylpentane, and 2,3,3-tri- 
methylpentane in smaller amount, 2,2-dimethylhexane, 
2,5-dimethylhexane, 2,4-dimethylhexane, 2-3-dimethyl- 
hexane, and 3,4-dimethylhexane in still smaller amount, 
and the other octanes substanially absent. 

g. In the 11 alkylates having appreciable amounts of 
nonanes, the relative amounts of the two trimethylhex- 
anes present in large amount were substantially constant, 
being 82.9+1.5 for 2,2,5-trimethylhexane and 17.1+1.5 
tor 2,3,5-trimethylhexane, 

h. The hydrocodimers, excluding the hot-acid hydro- 
codimer, sample 35, differ from the alkylates in usually 
having in relative amount among the octanes less 2,2,4- 
trimethylpentane, more 2,2-dimethylhexane, more 2,2,3- 
trimethylpentane, more 2,3,4-trimethylpentane, less 2,3,3- 
trimethylpentane, and more 3,4-dimethylhexane, and in 
relative amount among the heptanes more 2,3-dimethyl- 
pentane and less 2,4-dimethylpentane. 

_t The dimer and trimer alkylates, for the produc- 
tion of which? the olefin charging stocks were largely C, 
and C,, olefins, respectively, have compositions which 


ae not greatly different from the regular butene alky- 
ates, 
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j. Eight different highly branched paraffin hydrocar- 


bons can be obtained, in apurity of about 90 mole percent ' 


or better, by efficient distillation (equivalent to 100 or 
more theoretical plates) of appropriate alkylates or hy- 
drocodimers, as follows: 


2,4-Dimethylpentane from C; alkylate. 
2,3-Dimethylpentane from C; alkylate. 
2,2,4-Trimethylpentane from C, alkylate. 
2,2,3-Trimethylpentane from hydrocodimer 
(hot-acid). 
2,3,4-Trimethylpentane from hydrocodimer 
(phosphoric-acid). 
2,3,3-Trimethylpentane from C, alkylate. 
2,2,5-Trimethylhexane from Cs; alkylate. 
2,3,5-Trimethylhexane from Cz alkylate. 
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FIGURE 1 


Circulation 9000 Barrels Per Day—Naphtha Polyform Unit, Gulf Oil Corporation, Girard Point, Pennsylvania. 
Built by The Lummus Company. 


Naphtha Polyforming 


C. OFFUTT, P. OSTERGAARD, M. C. FOGLE, and H 


l HE naphtha Polyform process is a thermal proc- 
ess by which the straight-run low-octane gasolines or 


heavier fractions of the straight-run gasolines can 
be converted, with a high yield, to gasoline compar 
able in antiknock value with gasoline produced from 
catalytic cracking of gasoils. It differs from straight 
thermal reforming of gasolines and naphthas in that 
the oil be cracked is diluted with a recycle lique 
fied-gaseous fraction, which permits more 
cracking of the naphtha, without undue coke deposi- 
tion in the cracking coil, than it 
in termal reforming. 

Concurrently with the cracking of the nap a the 
recycle gas (which consists primarily of C, fractions, 
with smaller percentages of C, and C, fractions in 
cluded) is partly cracked. Part. of the unconverted 
products from cracking the recycle gas, 
and products from cracking the naphtha interact 
with one another to form high-octane hydrocarbons 
within the gasoline boiling range by thermal alkyla- 
tion, thermal polymerization, and other reactions—as 
illustrated by examples hereinafter 

The increasing octane reqtirements of present and 
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is possible to obtain 
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BEUTHER 


future motor 
number for housebrand gasoline, 
tane number for premium gasoline can, for many re 
finers, be met by polyforming of their straight-run 
gasolines or naphthas. This process is, 
considerable interest to the refinery industry, 
emplified by the continuous operation of old Poly- 
form units and the building of new units. Because no 
formal presentation of naphtha polyforming has been 
made since November, 1940,* this paper has been pre- 
pared to summarize the recent developments, and to 
present the petroleum process engineer with sufficient 
data to estimate accurately the yields and product 
quality obtainable from polyforming a wide range Of 
straight-run gasolines aad naphthas. 

For the sake of clarity, a brief review of the naph- 
tha Polyform process will be presented at this time. 
Figure 2 is a schematic flow diagram of a typical 
naphtha Pres operation. Naphtha is charged to 
the top of a high-pressure absorber in which it ab- 
sorbs a aeuela gas Consisting of small concentrations 
of C, hydrocarbons, virtually all C, hydrocarbons, and 
the butane-butene in excess of that used to maintain 
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gasolines of up to 85 research octane 
and 95 research oc- 
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Te Polyform process offers two important advantages for 
the upgrading of naphthas and low-octane straight-run gaso- 
lines: 1, attractive yields of motor gasoline having ASTM 
octane numbers of 75 to 80 and research octane numbers of 
84 to 93, without the addition of tetraethyl lead; and, 2, 
flexibility of operation which permits either production of a 
maximum yield of Polyform gasoline, or maximum production 
of a butane-butene fraction rich in olefins, in addition to a 
good yield of debutanized gasoline. The research sensitivity, 
lead response, road performance, and blending properties of 
Polyform gasoline are evidence of its high quality. This paper 
includes recent data on the effects of the operating variables 
and properties of the naphtha charge upon yields and product 
quality, and a brief discussion of some of the reactions which 
occur in the Polyform furnace. A nomograph is presented for 
predicting the relationship of yield and ASTM octane number 
of Polyform distillates from the characterization factor and 
octane number of the naphtha charge. 

The authors: Offutt, Fogle and Beuther are with Gulf Re- 
search and Development Company, Pittsburgh, and Ostergaard 
is connected with the Process Engineering Department of Gulf 
Oil Corporation, Pittsburgh. 

This paper was presented before the Group Session on 
Gasoline, Division of Refining, at the Twenty-sixth Annual 
meeting of American Petroleum Institute, Chicago, November 
12, 1946. 
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FIGURE 2 
A Schematic Flow Sheet for Naphtha Polyforming. 
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the desired vapor pressure of the Polyform gasoline. 


The absorber operation is controlled for maximum 
retention of C, and C, hydrocarbons, which usually 
results in a gas-enriched naphtha consisting of about 
equal volumes of naphtha and absorbed gases. This 
mixture is preheated by heat exchangers and charged 
to the Polyform furnace. The furnace is normally 
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FIGURE 4 


Analytical Distillation of Products from Propane-Propylene Cracking. 


operated at outlet temperatures in the range of 1025 
to 1125° F., and at pressures of 1000 to 2000 psi. The 
coil effluent is quenched with a gas-oil or tar stream 
from the separator, and is subsequently flashed into 
the separator. The separator overhead is passed to 
the stabilizer where the gasoline distillate is stabi- 
lized; and the remaining gases, consisting of gases 
made in the process and recycle gases, enter the base 
of the absorber. The gasoline may be‘ stabilized in 
either of two ways: 1, to produce maximum gasoline 
by controlling the volatility to approximately 10 
pounds Reid vapor pressure and recycling excess C, 
hydrocarbons; or, 2, to produce a maximum yield of 
butane-butene containing a high concentration of 
olefins, for alkylation or other purposes. The latter 
method is accomplished by depropanizing the gaso- 
line in the stabilizer and recycling a minimum quan- 
tity of C, hydrocarbons. Essentially all of the C, and 

















































































































Ses onranen ee 


Se eee eee 


STAG (2E8 
ne = 
~ s ° ABSORBER 
-e- C= = 
COMBINED —_ 
unl SEPARATOR = J 
of FRACTIONATOR = 
ae cs 
y- E= 
no = 
en Ra 
ios — t 
to b= 
ont FE . 
1cl HEATING ELEMENT > 
ol Pll tn WATER ad 
SEPARATOR E- 
~_— 
yh- be ae 
= 
ne. T 
cal £3 ra) - > 
to | ee a ee i OND Fe ‘ aa 
ab- PREHEATED Ri TAR CURSES Oi 
[HA J RICH NAPHT FHA 
ns L P.S.TAR a 
ind 
al FIGURE 3 
ain Naphtha Polyform Unit. 


, 11 November, 1946—A Gulf Publishing Company Publication {555} 121 











C, hydrocarbons in the stabilizer-outlet gases are ab- 
sorbed by the fresh naphtha charge and recycled 
through the cracking coil. 

Figure 3 shows the flow sheet of a commercial 
naphtha Polyform unit. Separating and fractionating 
equipment is operated at pressures which énable cool- 
ing water at ordinary temperatures to be used for 
condensation, usually from 300 to 400 psig. No com- 
_ pression or refrigeration is necessary for the absorp- 
tion of recycle gases. 






Polyform Reactions 

To explain the chemistry of the Polyform process, 
or the thermal conversion of naphtha and C, and ex- 
cess C, hydrocarbons made from cracking of the 
naphtha to high-octane gasoline, the following data 
are presented from once-through thermal conversion 
experiments. These experiments include thermal con- 
version of propane, propylene, propane-propylene 
mixtures, and propane-naphtha mixtures. Table 1 shows 
data from charging propane to a cracking coil oper- 
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Polyforming Various Type of Naphtha—Gasoline Yield vs. ASTM Method Octane Number. 
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FIGURE 6 
Polyforming Various Types of Naphtha—Gasoline Yield vs. Research Method Octane Number. 
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ated under normal naphtha-polyforming conditions. 
The conversion of propane was extremely low, rang- 
ing from 1.5 to 5.8 percent by volume conversion. A 
second series of runs was made at higher severity 
level by increasing the furnace volume and pressure. 
Table 2 summarizes these results. It is of particular 
interest to note that the yield of the C, fraction in 
the debutanized product was large, varying from 40 
to 70 percent, and that this fraction contained mostly 
saturated hydrocarbons. These results indicate that 
one of the predominant sets of reactions is the crack- 
ing of propane to ethylene and subsequent alkylation 
of the ethylene with unconverted propane. The high 
degree of saturation of the C, fraction suggests that 


TABLE 1 
ae pana at Naphthe Polyforming Conditions 











Furnace-outlet temperature, °F | 1,080 1,100 
Furnace pressure, psi 1,500 1,500 
Total conversion of propane, percent by volume 1.5 5.8 
Conversion to pentane and heavier, percent by vclume... . Trace 1.5 
TABLE 2 
Propane Cracking at Higher Severities 
Charge 
Furnace-outlet temperature, °F. 1,040 1,060 1,080 1,100 
Furnace pressure, psi 2,000 | 2,000 2,000 2,000 


Conversion of Cz, percent by vol. 5.6 | 13.5 19.9 30.8 
Yields, percent by Volume of 



































the alkylation type of reactions took place more read- 
ily than polymerization. The thermal alkylation type 
of reaction was further substantiated when a propane- 
propylene mixture was charged to the cracking coil 
at naphtha polyforming conditions. Table 3 summar- 
izes two runs made at typical Polyform conditions of 
time, temperature, and pressure. The debutanized 
product from these cracking runs was predominantly 
C,, as is shown in the analytical distillation in Figure 
4. This C, fraction was only 30 percent unsaturated. 
Alkylation reactions were again shown to be -pre- 
dominant over polymerization reactions, as more 
propane was converted than propylene. Another se- 
ries of experimental runs demonstrates that thermal 
alkylation reaction also occur during the thermal con- 
version of hydrocarbon gases in the presence of naph- 
tha, as shown in Table 4. This table shows that 1.5 
percent by volume of yield of debutanized distillate 
was obtained by thermal conversion of propane by 
itself, and 4.4 to 5.8 percent by volume was obtained 
from cracking of propane in the presence of naphtha 
at essentially the same temperature, pressure, and 
furnace volume. It may be observed that the presence 
of naphtha in the cracking coil, like the presence of 
propylene, greatly increased the conversion of pro- 
pane at polyforming conditions. Tabes 1, 2, 3, and 4 
are presented to illustrate some of the mechanisms 
that take place during the Polyform cycle and are_ 
































harge: 
Hexanes and heavier 0.0 0.9 2.4 2.8 5.2 TABLE 5 
Pentanes 0.0 2.3 3.1 4.0 3.5 Polyform Data wom pina on Three Different Naphthas 
Butanes 3.6 5.4 3.6 5.2 5.3 i Ale eS Saas lines 
Propane 92.7 82.7 79.3 72.9 62.0 p> 
Gas (C2 and lighter), fuel-oil Mixed- 
equivalent ; 3.8 5.2 7.2 11.6 Rodessa Base California 
- - ~---- - —~- Naphtha Charge Naphtha | Naphtha | Naphtha 
Total | 95.1 93.6 91.7 87.6 | 
Gravity, API | 87.1 52.4 52.9 
ASTM octane number of debu- Acid heat, °F..... | 2 8 2 
tanized distillate 79.0 78.2 78.5 79.8 Aniline point, °F . . | 146 124 116 
Yield of debutanized gasoline bas- Sulfur, percent. . . | 0.023 0.08 0.02 
ed on converted propane 57 41 | 34 28 ASTM Distillation (°F.) - 
Unsaturation of Cs cut, mole Initial boiling point Snkend<e ae 165 160 
percent 8.7 | 15.9 | 15.0 20.0 10-percent point. . 254 246 211 
50-percent point. . 302 300 267 
7 i wd * eer Bnd point. point. = 360 344 
ni int 9 410 397 
Chssscerleatinn factor (K) 12.18 11.84 11.68 
TABLE 3 Aromatics, percent by Volume 4.9 : 6.4 
Cracking Propane-Propylene at Naphtha Polyforming Conditions we os ry 
Charge Contains 20 Percent Propylene Seleses ses L8 3.0 
= = ee ea SSS 9-carbon aromatics . 2.5 2.2 
' | ASTM Octane Number 
Furnace-outlet temperature, “F 1,080 1,100 Without addition of TEL 23.9 46.5 58.3 
Furnace pressure, psi 1,500 1,500 With addition of 1 ml TEL 36.5 52.4 69.7 
Conversion of C3, percent by volume 21.1 29.4 With addition of 3 ml TEL 53.7 62.4 76.6 
Yields, percent by Volume of Charge: Research Octane Member i : 3 
Hexanes and heavier Hr 7 Without addition of TEL. ... 47.9 63.3 
entanes = 3. With addition of 1 ml TEL | 82.7 54.4 71.1 
Butanes > 53 With addition of 3 ml TEL | 514 64.2 79.1 
Propane . 71.8 65.5 Operating Conditions 
Gas (C2 and lighter), fuel-oil equivalent 2.3 3.2 Furnace-outlet temperature, °F. . 1,100 1,080 1,090 
ee 92 + 89.9 Furnace pressure, psi. . 1,500 1,500 1,500 
: Total... . ve 92.0 + Gas dilution, percent by volume of naphtha charge 101 101 100 
ASTM octane number of debutanized distillate 78.2 82.0 Yields, Percent by Volume of Naphtha Charge 
Unsaturation of Cs, mole percent 29 30 10 pound Reid vapor-pressure gasoline... . 67.2 83.5 83.9 
. _— ao es Propane-propylene -. 7.9 11.2 | 10.2 
| | | Gas (C2 and lighter), “fuel-oil equivalent 16.3 j . i . 
| Uncon- | Amount | Uncon- | Amount Tar eae ; 6.6 4.4 3.8 
Charge | verted | Reacted| Charge | verted | Reacted SE SEPP SF See She TY 
— eR OE 98.0 99.1 97.9 
Propane, percent by volume on | Inspections of Stabilized Gasoline (10 Lb. Reid Vapor 
charge 71.2 59.0 122 | 756 | 57.1 | 185 Pressure) 
Propylene, percent by volume on Gravity, API... ? poet oak 55.5 55.8 53.5 
charge 21.6 | 128 8.8 19.2 84 | 10.8 Acid heat, °F d ; aS 141 88 89 
. Aniline point, °F... j ; 69 72 74 
— ESS Bromine No..... . Me Sap ty te ee 60 oe ee 
ee er re es ee 0.01 0.02 
TABLE 4 ASTM Distillation, °F. (86-40) 
Initial boiling pn.. é , 92 87 94 
_ Cracking rane Alone and in the Presence of Naphtha 10-percent point. . 134 129 144 
= ethan 2 i ANE nas 50-pereent point... ; . | 248 243 238 
90-percent point. . , aS 342 342 349 
Propane Propane End point. .... a rds 406 400 413 
Plus | Plus Aromatics, Percent by Volume . = _ - Op eee 13.9 
| Eastern Pennsylvania- Benzene. . ae FA A? wa) 1.6 Evian 0.7 
Propane | Venezuela | Mid Continent Toluene. . 5.0 3.8 
Alone Naphtha Naphtha BN RE Hee LAE Teer ent 5.5 
————— 9-carbon aromatics... ... TRE ee ieae 3.9 
Furnace-outlet temperature, °F | 1,100 1,100 1,090 ASTM Octane Number 
urnace pressure, psi | 1,500 | 1,500 1,500 Without addition of TEL. 77.8 76.5 78.2 
Furnace volume | Same | Same Same With addition of 1 ml TEL. 82.8 81.0 83.5 
Characterization factor (K) of naphtha charge 11.65 11.98 With addition of 3 ml TEL.. 85.1 83.8 85.9 
a, M octane number of debutanized distillate.| 78 |- 78 | 78 Research Octane Number - 
ield of debutanized distillate per pass from ] | Without addition of TEL..... f yatewss 89.0 87.5 89.4 
ne... ee. a ee ee 1.5 44 | 5.8 With addition of 1 ml TEL........ rs ee 93.8 92.6 94.3 
Number of passes required to crack gas... ... | 16.5 | 6.25 4.0 With addition of 3 ml TEL........................ 96.6 94.7 96.9 
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not suitable for calculating yields from gas conver- 
sion. Other papers®* will be presented which will sup- 
ply process yields from the various gases circulated 
in the Polyform cycle. The foregoing data, however, 
demonstrate that there are alkylation, polymeriza- 
tion, and other (more complex) addition-type reac- 
tions taking place,in the naphtha Polyform furnace, 
and that the paraffinic hydrocarbons in the gas cycle, 
as well as the olefins, are converted extensively in 
the Polyform process. 


Yield Vs. Octane Relationship 


Gasoline yields from naphtha polyforming depend 
upon the charge stock, the furnace pressure, the fur- 
nace temperature, and the reaction time. The yield of 
gasoline distillate from a given naphtha is decreased, 
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of the naphtha by lowering the average molecular 


weight of the furnace charge, and it also minimizes 
tar and coke formation by its interreaction with many 
of the olefins produced, some of which would other- 
wise undergo polymerization to form tar and coke. 
It is this characteristic of polyforming which permits 
refinery units to crack naphtha severly over long 
periods of time for the production of distillates hav- 
ing high ASTM octane numbers and excellent re- 
search octane sensitivity. The conversion to gasoline 
of both olefins and paraffins in the C, and C, frac- 
tions produced from the naphtha cracking is another 
feature of polyforming which insures attractive vields 
of gasoline of high-octane quality. 

Figure 5 is a plot of gasoline yields vs. ASTM 
octane number for several different types of naphthas, 
ranging from a highly paraffinic Rodessa naphtha to 


s3538 








FIGURE 7 
Distillate Yields vs. Octane Improvement—Naphtha Polyforming at 1,500 psi. 


and its antiknock quality is increased, by increasing 
either temperature or time. High furnace-outlet tem- 
peratures, normally 1050 to 1100° F. and, thus, a 
high level of cracking severity, are permitted by the 
presence of the cycle gas in the naphtha polyforming 
operation. The cycle gas allows more severe cracking 
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a naphthenic California naphtha: These same gasoline 
yields are plotted against research octane numbers 0 
Figure 6. Laboratory inspections of these naphthas, 
together with yields and operating conditions for 4 
typical run on each stock, are given in Table ©. 

The yield from polyforming naphthas has prove 
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to be a function of the increase in octane number of 
the polyformed distillate over that of the naphtha 
charge. The octane number of the naphtha charge 
varies with the boiling range of the naphtha and with 
its chemical composition, as represented by the char- 
acterization factor. Naphtha polyforming charge 
stocks vary from 0 to 70 octane number, depending 
upon the boiling range and relative paraffinicity of 
the naphtha. Thus, the octane improvement required 
to produce a certain’ octane-number gasoline from 
naphtha varies over a wide range. The stocks with 
high initial octane numbers and low characterization 
factors, as typified by the California naphtha in Fig- 
ure 4, suffer small loss in yield when polyformed to 
ASTM octane numbers in the range of 76 to 80. Low- 
octane naphthas incur somewhat greater losses when 
polyforming to 76 octane number or higher, as shown 
by the Rodessa naphtha in Figure 5. 

A useful correlation has been developed relating 
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Polyforming Eastern Venezuela Naphtha—Effect of Pressure. 
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FIGURE 9 


Polyforming Various Boiling-Range Eastern Venezuela Nahptha Cuts— 
Gasoline Yield vs. ASTM Octane Number of Polyform Distillate. 
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TABLE 6 
Polyforming Eastern Venezuela Naphtha 


Effect of Pressure 











Pe UNS ooo oa 5s soaps coen aces bagevbaken 1,000 1,500 2,000 
ASTM octane No......:.......... 76.0 76.0 76.0 
Yields, Percent by Volume: 
Gasoline (10-pound Reid vapor pressure, 400° F. 
end point) cgi tek Kid Oe he ce aE eo 87.8 88.9 
Gas (Ce and lighter), fuel-oil equivalent. | 11.8 8.1 6.5 
Tar ; ; Re ; j 4.3 4.1 5.2 








the yield and octane improvement from naphtha poly- 
forming to the characterization factor and ASTM 
octane number of the naphtha charge. The correla- 
tion in the form of a nomograph, shown in Figure 7, 
makes it possible to calculate quickly the yield cor- 
responding to a given octane number of Polform 
distillate by knowing only the original octane number 
and characterization factor of the charge. This chart 
was developed for 1500-psi. polyforming operations 
producing a gasoline distillate of 10 pounds Reid 
vapor pressure. It is recommended only for straight- 
run naphthas which have 90-percent points below 
400° F. 

The naphthas with octane numbers below 20 
ASTM included in the correlation were obtained by 
determining the octane number of the naphtha with 
varying amounts of tetraethyl lead, and extrapolating 
to the unleaded octane number on a lead-susceptibil- 
ity chart. 


Effect of Préssure 


Pressure has an appreciable effect on the yield-vs.- 
octane-number relationship obtained by naphtha 
polyforming. An increase in furnace-coil outlet pres- 
sure from 1000 to 1500 psi results in a sizeable gain 
in yield for a given octane number (about 4 percent 
by volume). A further increase in pressure from 1500 
to 2000 psi produces an additional increase in yield 
of only about 1 percent by volume. Yield-vs.-octane- 
number curves for 3 series of polyforming runs on a 
heavy eastern Venezuela naphtha are shown in Fig- 
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FIGURE 10 
Polyforming Various Boiling-Range Eastern Venezuela Naphtha Cuts— 
Gasoline Yield vs. Research Octane Number of Polyform Distillate. 
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ure 8 for pressures of 1000, 1500 and 2000 psi. Yields 
obtained when polyforming eastern Venezuela naph- 
tha at the various pressures to a constant ASTM 
octane number are shown in Table 6. These-results 
are typical of the effect of pressure in naphtha poly- 
forming. Although the operations at 2000 psi pro- 
duced the largest yield of gasoline of a given octane 
number, a study of differential investment costs in- 
dicates that 1500 psi is near the optimum polyform- 
ing pressure. 

Increasing polyforming pressure causes a small de- 
crease in the olefin content of the gasoline distillate, 
which tends to increase the lead susceptibility, and 
to lower the spread between ASTM and research 
octane number of the gasoline. This effect, however, 
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Polyforming Various Boiling-Range Eastern Venezuela Naphtha Cuts— 
ASTM Octane Number vs. Yield of Blend of Straight-run Gasoline and 
Polyform Distillate. 


is small in the range of pressures reported herein- 
before. 


Effect of Boiling Range of Naphtha Charge 


There is no general rule that can be used in select- 
ing the portion of a straight-run gasoline which 
should be charged to a polyforming operation. As the 
Polyform process is well adapted to the handling of 
any naphtha fraction, it is entirely a problem of eco- 
nomics and octane-blending requirements for the re- 
finery operations in question. Uusally a light straight- 
run fraction, which is sufficiently high in quality for 
blending into the finished plant gasoline, is excluded 
from the polyforming charge, and the remaining 
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TABLE 7 
Properties of Various Percentages of Straight-run Gasolines and 
Naphthas from Eastern Venezuela Crude 
































Straight. Straight- | Straight- 

| Total Run | Naphtha| Run | Naphtha| Run | Naphtha 

Gasoline| Gasoline) 23.5 to | Gasoline| 18.5 to | Gasoline; 13.5 to 
Percentage on Crude 28.5 23.5 28.5 18.5 28.5 13.5 28.5 

| | | ————e 

Gravity, API eos | e466 | 457 | 085 |. 479 | 728 | 508 

Aniline point, °F . 120 | 121 | 126 124 | 136 | 127 | 116 

Acid heat, °F .... |- 3 4 | 38 5 we Pe ae oe 

Sulfur, percent. . | 0.01 0.01 | 0.05 0.01 | 0.03; 0.01 0.01 

ASTM Distillation (°F.) 

, Initial boiling point 01 04 6} «318 | 90 | 266 | 85 230 
10-percent point. . 158 | 136 329 | -128 | 290 | 119 | 258 
50-percent point.....| 240 | 205 | 349 | 185 311 | (172 286 
90-percent point | 342 270 409 | 242 372 213 358 
End point } 412 | 298 | 465 | 270 431 248 412 

Octane No | §9.9 | 643 | 40.9 | 67.0 47.3 | Til 49.7 

| 
79 























~“_ 
w 





~s 
b 


\ 
10% ON CRUDE 





RESEARCH OCTANE NUMBER, CLEAR 
“_ 
ow 





By) 
a 





\ 
































70 
5% ON CRUDE 
69 \ | 
eal 
88 90 92 94 96 98 100 
YIELD OF BLEND, VOLUME % 
FIGURE 12 


Polyforming Various Boiling-Range Eastern Venezuela Naphtha Cuts— 
Research Octane Number vs. Yield of Blend of Straight-run Gasoline 
and Polyform Distillate. 


heavy naphtha is polyformed to a desirable antr 
knock level. - 

A comparison ‘of the polyforming of three naph- 
tha fractions representing 5, 10, and 15 percent ® 
Eastern Venezuela crude indicates the effect of boil 
ing range of naphtha charge upon the yield and qual- 
ity of gasoline produced from the full 28.5 percent 
gasoline originally present in the crude. Properties 
the naphtha fractions and complementary straight 
run gasolines are shown in Table 7. Yield-vs.-octan® 
number relationships for polyforming of the thre 
naphthas are plotted in Figures 9 and 10, showing 
ASTM and research octane numbers, respectively 
The lighter, wider boiling naphthas produced higher 
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yields of distillate of a given octane number, because 
of the higher octane number of the charge. Research 
sensitivity and lead response of the Polyform distil- 
late appeared to be independent of the boiling range 
of the naphtha charge. 

Blends of the Polyform distillates from the three 
naphthas with their complementary straight-run 
gasolines resulted in the yield-vs.-octane-number re- 
lationships plotted in Figures 11 and 12. The advan- 
tage of polyforming the naphthas representing 10 or 
15 percent of the crude is obvious, especially when 
the maximum overall ocvane level is considered. The 
research-method ratings are benefited particularly 
by polyforming the wider naphtha fractions. A com- 
parison of yields and octane numbers of blends of the 
Polyform distillate and their complementary 
straight-run gasolines, when polyforming each of 
the three naphthas to a constant octane number of 
76, is shown in Table 8. This is a practical type of 
comparison which shows the substantial improve- 
ment in gasoline quality by increasing the volume of 
naphtha charged to the Polyform process. The de- 
crease in yield based on crude was small. 

Table 9 demonstrates the effect upon the ASTM- 
research spread for the overall gasoline blend when 
broadening the naphtha-charge boiling range. As the 
percentage of Polyform distillate in the blend in- 
creases, the high research sensitivity of the Polyform 
gasoline becomes apparent. The research ratings of 
Polyform gasolines are a function of their ASTM 
octane numbers; the spread between ASTM and re- 
search ratings increases as the ASTM octane number 
becomes higher. Polyform distillates having unleaded 
ASTM. octane numbers of 76 to 78 rate between 85 
and 92 (unleaded) by the research method. 


Operating for Maximum Butane-Butene Production 


In many refinery operating schedules, it is desir- 
able to produce a maximum yield of butane-butene 
for use in alkylation or for other purposes. In such a 
case the stabilizer of the Polyform unit is operated 
as a depropanizer, and essentially all butane-butene 
is removed from the unit with the gasoline. The 
quanity of butane-butene in the recycle gas is main- 
tained at a minimum, the recycle gas stream con- 
sisting almost entirely of propane and propylene. The 
amount of butane-butene that can be obtained from 
a Polyform operation depends upon: 1, the cracking 
severity ; 2, the furnace pressure; and, 3, the type of 
naphtha charged. The efficiency of the stabilizer af- 


TABLE 8 
Polyforming of Eastern Venezuela Naphthas 
Effect of Boiling Range 














| Heavy aaienaiel’ Light 
| Naphtha Naphtha | Naphtha 
. | 5 Percent | 10 Percent | 15 Percent 
Source of Polyformed Distillate | on Crude | on Crude | on Crude 
Yield of Po yforming distillate, percent by volume | 
on naphtha : : 70 83.5 | 86.5 
ASTM Octane No. of Polyformed Distillate : 
Without addition of TEL......... | 76 | 76 76 
With addition of 3 ml TEL 83.5 84.5 84.5 
Research Octane No. of Polyformed Distillate: | | 
Without addition of TEL......... oe 87 86 87 
With addition of 3 ml TEL 95 95.5 } 95.5 
td Composition, Percent by Volume: 
Polyformed distillate. ”..... 13.0 30.8 49.4 
Yi traight-run gasoline : | 87.0 69.2 50.6 
‘ield of blend, percent by volume on crude... 27.0 | 26.9 | 26.5 
ield of blend, percent by volume of full-range 
afppoline nisin. waied ; ‘ 94.7 | 94.3 | 92.8 
. TM Octane No. of Blend: | 
Without addition of TEL....... | oa | os | me 
ith addition of 3ml TEL... ob ee AO 
[— Octane No. of Blend: | 
ithout addition of TEL...... | 70.1 | 73.6 80.1 
88.7 92.0 
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TABLE 9 
ASTM-Research Octane Spread of Blends of Polyform Distillate 
with Straight-run Gasoling from Eastern Venezuela Naphthas 





Charge to Polyform Unit, Percent by Volume of Crude: | 5 Percent | 10 Percent] 15 Percent 
Gasoline yield (10-Ib. Reid vapor pressure, 400° F. 

































































end point), percent by volume..................... 92.0 92.0 92.0 
PN A eee Fe 69.2 71.5 74.3 
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FIGURE 13 
Polyforming an Eastern Venezuela Naphtha for Butane-Butene Produc- 
tion—Butane-Butene Yields vs. Yield of Debutanized Distillate. 


fects the yield of butane-butene from a given oper- 
ation. In a Polyform furnace, butane-butene’ is pro- 
duced by cracking of the naphtha, and is simultane- 
ously consumed by previously mentioned alkylation, 
polymerization, and other gas-conversion reactions. 
At milder furnace operating conditions, an increase in 
cracking severity increases the production of butane- 
butene more rapidly that it increases the reactions 
consuming butane-butene. The net yield of butane- 
butene becomes larger with increasing cracking 
severity, until a point is reached where the conver- 
sion of C, hydrocarbons in the high-temperature sec- 
tion of the cracking coil exceeds the production of 
butanetbutene from the naphtha. Higher cracking 
severities result in a decrease in the yield of butane- 
butene, The point of maximum butane-butene pro- 
duction varies somewhat from one naphtha to an- 
other, but it usually occurs in the range of operating 
conditions producing the highest octane distillates 
within commercially economic yields. This is illus- 
trated by Figure 13, which shows the yields of 
butane-butene plotted against yield of debutanized 
distillate from a series of runs of increasing severity, 
polyforming 48.2 ‘API Eastern Venezuela naphtha. | 
The peak yield of butane-butene in these runs was 
12.5 percent by volume, and it occurred at a furnace- 
outlet temperature of 1090° F. when producing a 
debutanized distillate having an ASTM octane num- 
ber of 79. The unsaturation of the C, cuts remained 
nearly constant at about 55 percent throughout 
the commercial severity range until the butane- 
butene yields passed its maximum. Yield trends of 
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the separate C, hydrocarbons are shown in Figure 13. 

Higher yields of butane-butene were produced at a 
polyforming pressure of .1500 fsi than at either 400 
or 2000 psi. Table 10 gives the total yield of butane- 
butene obtained from polyforming operations produc- 
ing debutanized distillate having a constant motor- 
method octane number of 75 at pressures of 400, 1500, 
and 2000 psi. Although the operation at a pressure 
of 1500 psi produced the largest yield of butane- 
butene, the unsaturation of the C, cut appeared to 
increase with decreasing pressure. 

The type of naphtha charge affects not only the 
yield of butane-butene produced with a distillate of a 
given octane number, but it also determines the 
maximum yields of butane-butene that may be ob- 
tained by varying the polyforming conditions. Table 
11 indicates that the more paraffinic naphthas pro- 
duce greater yields of butane-butene for a given 
motor-method octane number. 


Lead Susceptibility 
The lead response for Polyform distillate has been 
summarized in a chart (Figure 14) relating lead re- 
sponse with ASTM octane number of the Polyform 
distillate and the 50-percent point of the naphtha 


TABLE 10 
Polyforming Pennsylvania-Mid Continent Naphtha for Maximum 
Butane-Butene Production 
Effect of Pressure 


| 
Pressure, psi 400* | 1,500 2,000 
Debutanized Distillate: 
ASTM octane No 7 ~2#6©|~CCO5 75 
Yield, percent by volume 66.5 64.7 | 64.4 
Butane-Butene: 
Yield, percent by volume 13.0 16.7 14.1 
68 62 55 


Unsaturation, mole percent 
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Relationship Between Lead Response, ASTM Octane Number, and Charge 
at 50 Percent Point for 10 RVP Polyformed Distillates. 
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TABLE 11 
Naphtha Polyforming for Butane-Butene Production 
Effect of Type of Naphtha 








Pennsylvania- 
Mid-Continent 


Eastern Desulfurized 
Venezuela | West Texas 








Debutanized Distillate: | 

















ASTM octane No , 75 75 75 
Yield, percent by volume me 84.0 73.7 64.7 
Butane-Butene: | 
Yield, percent by volume ; 10.5 | 11.8 16.7 
Unsaturation, mole percent ti 57 53 | 62 
Characterization factor of naphtha charge 11.65 | 11.75 11.98 
al T 
A.ST.M. OCTANE NO. RESEARCH OCTANE NO) 
100% POLYFORM DISTHLATE 6.6 69.3 
35% ST. RUN= 65% POLY. DIST, 73.4 3 
SOF 65% ST. RUN- 35% POLY. DIST 68.5 72.5 
' 100% ST. RUN GASOLINE 50.8 69.9 
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APPROXIMATE CAR SPEEO — M.P.H. 
FIGURE 15 


Octane Requirements of a Group of Late Model Cars—Road Perform- 

ance of Several Unleaded Blends of 58.8 ASTM Octane Number Straight- 

run Gasoline with a 76.6 ASTM Octane Number of Polyform Distillate 
from Pennsylvania-Mid Continent Naphtha. 


charge. The chart is limited to Polyform distillate 
obtained from naphthas with characterization factors 
ranging from 11.6 to 12.0, and with sulfur contents 
up to 0.05 percent by weight. 


Road Performance 

The road performance of gasolines from naphtha 
polyforming is as attractive as the laboratory ratings. 
A road octane number vs. engine-speed curve for a 
typical Polyform gasoline: of 76.6 ASTM and 89.3 
research, octane number is shown in Figure Ll. 
Figure 15 is a grid developed from actual road octane 
requirements, at different engine speeds, of a group 
of late model cars (1940 to 1942 models) from a hilly 
locality. The broken curves show the road octane 
requirement which satisfied 25, 50, 75, and 95 percent 
of the cars over the full range of engine speeds. The 
solid lines show the road octane vs. engine-speed 
performance of the unleaded Polyform gasoline, and 
of blends of the Polyform gasoline with a 58% 
ASTM-octane-number straight-run gasoline. 

It should be noted that the unleaded Polyform 
gasolines satisfy the road octane requirements 0 
approximately 95 percent of the cars through the 
entire speed range. The road octane curves for the 
blends show the good blending properties of the 
Polyform gasoline. 
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Naphtha Polyforming With 





Outside Gas 


W. C. OFFUTT, P. OSTERGAARD, M. C. FOGLE, and H. BEUTHER 


‘Ti E practice of converting excess refinery gases to 
attractive yields of motor fuels, having high ASTM 
and research octane ratings, has been used for a long 
time in commercial application of the Polyform proc- 
ess. Conversion of refinery C, and C, fractions in 
conjunction with naphtha polyforming is of particu- 
lar interest today due to the simplicity and flexibility 
of the combined operation and its economy in con- 
verting low-octane naphthas and renegade refinery 
gases simultaneously to high antiknock-quality gaso- 
line. Quantitative data which indicated the general 
utility and desirability of this method of operation 
were, until recently, limited mostly to specific refinery 
operations. Results of comprehensive polyforming 
studies now are available, and are presented herein 
to demonstrate the yields of high-quality gasoline 
which can be realized from various individual hydro- 
carbon gases. These data, together with the simpli- 
fied yield-octane correlation for naphtha polyforming 
presented in a paper,’ at this same meeting can be 
used to calculate gasoline yields and octane numbers 
from operations charging outside refinery-gas 
streams. They also give the design information neces- 
sary to estimate the plant capacity that will be re- 
quired to convert these gases when they are charged 
with a variety of naphthas to polyforming operations. 

In a paper’ delivered at this meeting it was stated 
that separate yields from gas conversion and naphtha 
cracking are not additive in predicting yields from 
a combined polyforming operation. The hydrocarbon 
gases, products from the naphtha or charged from the 
outside, are converted more readily and produce 
higher yields of gasoline when they are reacted in the 

















TABLE 1 
Naphtha Polyforming Charge Stocks 
| Pennsylvania- | Depentanized 
Eastern Mid-Continent} Full-Range 
Venezuela Naphtha Ordovician 
Naphtha Mixture Gasoline 
Gravity, API | 46.8 51.3 | 58.9 
Acid heat, °F 7 13 3 
Aniline point, °F | 118 | 135 | 189 
Sulfur, percent | 0.048 | 0.054 | 0.129 
ASTM Distillation (°F.) | 
Initial boiling point | 286 | 216 | 180 
10-percent point | 304 | 276 | 214 
50-percent point | 395 | 330 270 
%-percent point | 366 | 384 | 360 
nd point =“ | 424 424 412 
Characterization factor (K)... 11.66 | 11.89 12.18 
Aromatics (total), percent by volume | 15.2 7.4 8.0 
Benzene 0.0 0.2 0.6 
Toluene | 0.4 | 0.5 2.5 
Xylenes . 4.9 | 2.6 | 3.2 
-carbon aromatics 9.9 4.1 1.7 
ASTM Octane No.: 
Without addition of TEL 45.7 32.1 20.5 
With addition of 1 ml TEL 56.6 4460060 | 88.1 
k With addition of 3 ml TEL 67.5 56.3 45.1 
esearch Octane No.: : 
Without addition of TEL... “os | 1 | 193 
With addition of 1 ml TEL . 54.6 38.0 30.6 
ith addition of 3 ml TEL... 4 | 558 | 42.5 
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j 
he Polyform process is an attractive means of simultaneously 
| converting low-octane naphthas and renegade refinery gases, both 
paraffins and olefins, to high yields of gasoline having ASTM 
octane ratings of 75 to 80 and research octane ratings of 84 to 
93, without the addition of tetraethyl lead. Comprehensive studies 
of naphtha Polyform operations charging outside refinery-gas 
| streams are presented herein for the first time. The effects of 
| varying amounts and compositions of outside-gas charge are dis- 
| cussed with respect to yields and quality of products obtained 
| with a wide range of naphtha charge stocks. The flexibility and 
| simplicity of the process are emphasized, especially for manipu- 
lating seasonal refinery butane balances. A maximum yield of 
highly unsaturated butane-butene can be recovered from naphtha 
polyforming with or without outside gas, or excess refinery butane- 
butene can be charged to the Polyform unit for maximum produc- 
tion of high quality motor fuel. Extent of conversion of the outside- 
gas streams can be varied widely for optimum utilization of the 
available charge in the polyforming equipment. 

The authors: Offutt, Fogle and Beuther are with Gulf Research 
and Development Company, and Ostergaard with the Process 
Engineering Department of Gulf Oil Corporation, all at Pittsburgh. 

This paper was presented at the Group Session on Gasoline, 
Division of Refining, during the Twenty-sixth Annual Meeting of 

| American Petroleum Institute, Chicago, November 12, 1946. 








presence of naphtha due to the many reactions be- 
tween the gases and the products from the naphtha 
cracking. Gasoline yields and quality are dependent 
upon the severity of operating conditions, the char- 
acter of the naphtha, and the type and amount of 
outside gases charged. Gases suitable for conversion 
in naphtha polyforming are the C, and C, hydrocar- 
bons, including both olefins and paraffins, However, 
heavier gases can be converted readily if economical- 
ly feasible. Data presented in this paper cover the 
processing of a wide range of gas streams, such as: 1, 
paraffinic gases recovered from natural-gasoline pro- 
duction or catalytic alkylation operations; 2, highly 
olefinic gases produced by catalytic gasoil cracking; 
and 3, miscellaneous refinery gases having intermedi- 
ate olefin content. Inasmuch as the behavior of out- 
side gases in naphtha polyforming operations is af- 
fected by the type of naphtha charge, information is 
presented for three naphthas which differ widely in 
paraffinicity as indicated by the characterization 
factor. Laboratory tests on the three stocks involved 
in this discussion are shown in Table 1. 


The extent of conversion of outside refinery gases 
charged to naphtha polyforming operations can be 
varied over a wide range. The outside gas can be 
charged on a once-through basis, or the C, and C, 
hydrocarbons can be recycled to virtual extinction. 
Partial recycle of the gases also is sometimes desir- 
able, depending upon the amounts and type of gas 
and naphtha available for processing and the size of 
equipment. Most of the polyforming operations dis- 
cussed herein involve essentially complete conver- 


{563} 129 








sion of the outside-gas charge by regulation of the 
gas recycle ratio and by operation for a gasoline dis- 
tillate of specified volatility. However, sufficient data 
are presented on partial gas recycle and once-through 
operations to enable the individual refiner to predict 
yields from a great variety of charging stocks and 
operating conditions. 

The flow diagram for naphtha polyforming with 
outside gas (Figure 1) is the same as that used for 
naphtha polyforming with only internal-gas recycle, 
except that the outside gas is charged directly into 
the rich naphtha stream if the gas is liquefied, or to 
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FIGURE 1 


A schematic flow sheet for naphtha polyforming with outside gas. 





Naphtha polyforming with outside gas is especially 
desirable due to its flexibility in maintaining a butane 
balance despite varying seasonal demands. Excess 
butane-butene may be charged to a naphtha poly- 
forming operation, producing gasoline containing just 
sufficient C, hydrocarbons for specification vapor 
pressure. During periods of butane-butene deficiency 
for alkylation or vapor-pressure requirements, a maxi- 
mum yield of butane-butene may be produced from 
the polyforming operation by limiting the recycling 
of C, hydrocarbons to a minimum. Variations in the 
quantities of butane-butene charged and recycled are 
balanced with respect to polyforming capacity by ad- 
justing the quantity of outside propane-propylene 
charged or the extent of conversion of C, hydrocar- 
bons. The fatter variable can be easily controlled 
through the operation of the absorber. 


Effect of Olefin Content of Outside C, Fractions 


A wide variety of refinery C, fractions may be 
charged to naphtha polyforming, ranging in olefin 
content from almost pure propane to the highly un- 
saturated fraction produced by catalytic gasoil crack- 
ing. The latter type of gas often contains 60 mole per- 
cent of propylene or higher, A study of olefin content 
of propane-propylene charge to naphtha polyforming 
operations indicates that yields of gasoline realized 
from the outside gas and polyforming capacity re- 
quired to convert the gas to extinction are very dif- 
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FIGURE 2 
Naphtha Polyform Unit. 


the absorber if it is in the gaseous state. The mixture 
is pumped to the cracking furnace, which is operated 
at outlet temperatures in the range of 1025 to 1125° 
F, and pressures of 1000 to 2000 psi. The effluent 
from the polyforming furnace is quenched and then 
flashed to separate tar and gasoline. The gasoline is 
stabilized to the desired vapor pressure, and the over- 
head gases from the stabilizer are passed into the 
bottom of the absorber. Fresh naphtha charge is 
pumped to the top of the absorber, where it selec- 
tively absorbs the C, and C, hydrocarbons that are 
recycled. Figure 2 shows the flow sheet of a com- 
mercial naphtha Polyform unit charging outside re- 
finery gas. ‘ 
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ferent for C, fractions containing various percentages 
of unsaturates. The character of the naphtha charged 
in conjunction with the outside gas is also an im- 
portant factor in determining the results obtaine 
from gas conversion. However, the effect of increas 
ing olefin content of outside propane-propylene 
similar in the case of three naphthas having widely 
different characteristics. When 40 percent by volume 
(based on naphtha) of several outside propane-propy 
lene fractions is charged to naphtha polyforming, the 
more highly unsaturated outside gas in the range ol 
0 to 60 mole percent of olefin results in a substantially 
higher gasoline yield, a lower yield of fuel gas, little 
change in tar yield, and a lower polyforming capactt 
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TABLE 2 
Polyforming Eastern Venezuela Naphtha with 40 Percent Outside 
Propane-Propylene 
Effect of Varying Olefin Content of Outside Gas 





Amount of Propylene, Mole Percent of Cutside Gas: 0 30 60 





Yields, percent by volume of naphtha charge: 











Gasoline (10-lb. RVP; 400° F. end point)............| 97.7 104.0 110.3 

Gas (C2 and lighter), FOE....... Nee 17.7 15.3 13.3 

pO eb Ranaetn ds oud edbadee 6.9 5.1 4.3 
Gasoline Octane No.: 

ASTM, without addition of TEL.................. 77.0 77.0 77.0 
| Research, without addition of TEL................ 88.0 87.6 85.9 
| Research, with addition of 3 ml TEL.............. 95.5 95.3 93.9 


r 











* FOE=Fuel-oi! equivalent. 
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FIGURE 3 


Polyforming Eastern Venezuela Naphtha with 40 percent outside 
propane-propylene. 


requirement for complete conversion of the outside 
gas. Table 2 shows typical yields from polyforming 
Eastern Venezuela naphtha to an ASTM octane 
number of 77. 

Figures 3, 4, and 5 plot yields and corresponding 
octane numbers, showing the effect of olefin content 
of outside propane-propylene in polyforming opera- 
tions charging Eastern Venezuela naphtha, a mixture 
of Pennsylvania and Mid-Continent naphthas, and 
depentanized Ordovician full-range straight-run gaso- 
line, respectively. The advantage of charging olefinic 
refinery-gas fractions is obvious from these curves, 
although satisfactory yields of distillate were real- 
ized from all of the gases charged. The curve for 
outside gas containing 60 percent of olefin in Figure 
3 does not represent the best results that could be 
obtained from this charge by properly adjusting ‘the 
polyforming operating conditions. 

Further analysis of the foregoing data will show 
the effective yields which may be obtained from the 
various C, fractions by polyforming a naphtha to a 
given octane level. Differential yields between poly- 
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FIGURE 4 
Polyforming a Permsylvania-Mid-Continent naphtha with 40 percent 
outside propane-propylene. 
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forming with outside propane-propylene and poly- 
forming operations charging no outside gas are 
plotted in Figure 6 against octane number of dis- 
tillate from the overall operation. These yields are 
incremental yields based on naphtha charge when 40 
percent by volume of outside gas was converted with 
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FIGURE 5 
Polyforming a depentanized full range Ordovician gasoline with 40 
percent outside propane-propylene. 


a paraffinic mixture of Pennsylvania and Mid-Conti- 
nent naphthas, At a distillate octane number of 76, 
13.5 percent by volume of gasoline based on naphtha 
was obtained from a charge of 40 percent of propane, 
and 18 percent by volume of gasoline from 40 percent 
of propane-propylene containing 60 percent of olefin. 
The curves in the center section of Figure 6 indicate 
that the yield of dry gas (C, and lighter) obtained 
from the outside gas decreased with increasing un- 
saturation of the gas charged. This effect was the 
result of more efficient conversion of the. olefins to 
gasoline. Incremental tar yields, shown by the curves 
on the right side of Figure 6, were mostly negative 
quantities, indicating that tar yields were decreased 
by charging outside C, fractions to the naphtha poly- 
forming operations. The decrease in tar yields sub- 
stantiates other observations in which it was noted 
that some of the tar-forming constituents react with 
the recycled gas to produce gasoline. The extent of 
this effect appears to depend upon the concentration 
of gas in the polyforming coil.. 
Incremental yields obtained from the outside C, 
fractions, recalculated on the basis of outside gas 
charged, are plotted in Figure ? against ASTM 
octane number of distillate from the combined poly- 
forming operation. Gas circulations are also presented 
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FIGURE 6 


Polyforming a Pennsylvania-Mid-Continent naphtha with 40 percent 
outside propane-propylene. 
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on the basis of number of passes through the poly- 
forming furnace required for complete conversion of 
the outside gas. Variations in gasoline yields are 
from 34 percent by volume from propane to 45 
percent by volume from the mixture of 40 percent 
propane and 60 percent propylene in polyforming 


VIELOS AND CIRCULATION FROM OUTSIDE GAS 
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CIRCULATION MOTOR -GASOLINE YIELD FROM OUTSIOE GAS, 
NuMeER OF PASSES REQUIRED PER CENT OF VOLUME 
TO CONVERT OUTSIDE GAS 


FIGURE 7 


Polyforming Pennsylvania-Mid-Continent naphtha with 40 percent 
outside propane-propylene. 


operations producing 7%6-octane number distillate. 
The corresponding number of passes required to 
convert the outside gas ranges from 9.0 for propane 
to 5.5 for propane-propylene. 

When comparisons are made on the basis of a 
given octane number of polyformed distillate, both 
yields of gasoline obtained from outside gas and the 
number of passes required to convert the gas vary 
with the characteristics of the naphtha charge. In 
general, gases appear to react more readily with a 
highly paraffinic, low-octane naphtha charge. Figure 
8 shows yields from the outside gas and correspond- 
ing gas circulations for operations charging propane- 
propylene containing 60 percent of olefin with three 
different naphthas. The recycling of gas appears to 
decrease with increasing paraffinicity of the naphtha 
charge. 

Incremental gasoline yields from some of the 
olefinic C, fractions exceeded 70 percent by volume. 
The theoretical yield from propane-propylene, based 
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FIGURE 8 


Polyforming naphthas with 40 percent outside propane-propylene 
(60 percent olefin). ss 
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on 100 percent by weight conversion of the gas to 
gasoline, is approximately 70 percent by volume. 
Thus, the outside gases improved the naphtha poly- 
forming operation to such an extent that maximum 
gasoline yield could be realized from both paraffinic 
and olefinic gases in many cases. 


Effect of Amount of Propane-Propylene Charged 


The amount of gas which may be converted per 
pass in a naphtha-polyforming operation has been 
shown to depend upon the operating conditions and 
the composition of the charge. The total outside gas 
converted in a given operation is limited by the 
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CIRCULATION MOTOR - GASOLINE YIELO FROM OUTSIDE GAS, PER CENT BY VOLUME 


NUMBER OF PASSES REQU/RED 
TO CONVERT OUTSIDE GAS 


FIGURE 9 


Polyforming an Eastern Venezuela naphtha with 40 percent outside 
n-butane and butane-butene. 


capacity for recycling gas in the unit, The conversion 
per pass for outside C, fractions is of such a magni- 
tude that a wide range in amount of outside-gas 
charge is feasible, even when the outside gas is 
recycled to extinction. Quantities of outside propane- 
propylene as high as 60 percent by volume based on 
naphtha have been converted completely in this type 
ot operation. 

When outside propane-propylene is recycled to ex- 
tinction, the amount of gas charged changes the 
ratio of gas to naphtha in the cracking furnace. If the 
outside gas is highly olefinic, the composition of the 
total gas entering the cracking furnace varies with 
the quantity of outside gas. These considerations 
indicate a possible effect of different amounts of gas 
charge upon the yields obtained from the outside gas 
or the conversion per pass. 

Table 3 shows a comparison between converting 
20 and 40 percent by volume of outside propane in 


TABLE 3 
Polyforming Eastern Venezuela Naphtha with Outside 
Propane-Propylene 
Effect of Varying Amount of Outside Gas 








Propane- Propylene 





Outside Gas | None | Propane (60 Percent Olefin) 
Amount of Outside Gas, Volume | | 
Percent of Naphtha Charge: 20 40 2; 4 | 0 
| 
Naphtha Charge: 
Gasoline (10-lb. RVP: 400° F. 
end point)... 85.0 97.7 97.3 | 110.3 | 1152 
Gas (C2 and lighter), FOE* 8.6 10.7 17.7 9.1 13.3 | 160 
6.9 6.9 5.5 43 | 7 


ar ; 
Gasoline Octane No.: 

ASTM, without addition of i 2 
Siena 77.0 77.0 77.0 77.0 77.0 | 770 
Research, without addition 

0 


Research, with addition of 3 ml 
TEL 


| 
Yields, Percent by Volume | 
| 
| 87.0 86.2 88.0 86.8 85.9 | 882 


95.3 | 943 | 955 | 947 | 93.9 | 958 


Gasoline yield from the gas, per- | 
36.0 31.8 61.5 63.3 | 503 


cent by volume........... 























* FOE=Fuel-oil equivalent. 
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operations charging Eastern Venezuela naphtha. The 
20 percent of propane produced a slightly higher 


yield of gasoline than the larger amount of gas. This , 


trend appeared to apply over a wide range of crack- 
ing severity. 

When propane-propylene containing 60 mole per- 
cent of unsaturates was charged with the same naph- 
tha, there appeared to be no trend to indicate that 
small amounts of outside gas can be converted more 
advantageously than larger quantities. The gasoline 
yields obtained from the gas, and the gas circulations 
required to convert the gas completely, were almost 
the same for operations charging either 20 or 40 per- 
cent by volume of outside gas. Yields from 60 percent 
of propane-propylene were similar, except at high 
cracking severity where optimum operating condi- 
tions were not reached. 


Charging Outside Butane-Butene 


When there is an excess of refinery butane-butene 
due to a lack of catalytic alkylation capacity or low 
gasoline vapor-pressure requirements, the excess C, 
hydrocarbons can be converted to gasoline in con- 
junction with naphtha polyforming. The operation is 
sufficiently flexible that varying quantities or no 
butane-butene can be charged—depending upon 
seasonal butane balances. In periods of high butane 
requirements, the polyforming unit can be loaded 
to capacity with propane-propylene or additional 
naphtha. 

Nbutane rejected from an alkylation plant can be 
charged advantageously to naphtha polyforming 
operations. Gasoline yields of 40 to 50 percent by 
volume can be obtained from outside mbutane in con- 
junction with polyforming of Eastern Venezuela naph- 
tha, as shown in Figure 9. The number of passes re- 
quired to convert the nbutane completely was 4% to 7¥%, 
depending upon the cracking severity. Gas circulations 
are lower when a more parafinic naphtha is polyformed, 
in which case 4 to 5 passes were required to convert 
outside nbutane. 

Olefinic butane-butene fractions produce higher yields 
of gasoline with less gas circulation than mnbutane. 
When a C, cut from catalytic gasoil cracking, con- 
taining about 50 percent of unsaturates, was charged 
to a naphtha-polyforming unit, the yield of gasoline 
from the outside gas was 62 percent by volume for an 
operation producing a 76-ASTM-octane-number gaso- 
line. Gas circulations required to convert the outside 
butane-butene were equivalent to 3% to 5 passes over 
arange of distillate octane numbers. 

Comparison of converting outside C, and C, frac- 
tions in the naphtha-Polyform process shows that 
butane-butene yields more gasoline on a volume basis 
with less gas circulation required for complete con- 
version. The advantage of outside mbutane over propane 


TABLE 4 
Polyforming Pennsylvania-Mid-Continent Naphtha for Maximum 
Butane-Butene Production 
Effect of Charging Outside C3’s at 1,500 psi 





=— — — — 











| 40 
, Percent 
Outside Gas None Propane 
ABTM octane mumber...........0..-c000gcceueneeegeeeeees] 788 78.1 
Debutanized distillate, percent by volume of naphtha charge 57.5 66.6 
utane-butene, percent by volume of naphtha charge... . . 12.3 17.9 
‘saturation of butane-butene cut, mole percent... .. 63 60 
acremental Yields from Outside Gas: 
butanized distillate, percent by volume of naphtha charge. | 9.1 
utane-butene, percent by volume of naphtha charge...... . | 5.6 
butanized distillate, percent by volume of gas charge 22.8 
utane-butene, percent by volume of gas charge........ * | 14.0 
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TABLE 5 


Polyforming Pennsylvania-Mid-Continent Naphtha for Maximum 
Butane-Butene Production 
Effect of Charging Outside Propane ar 2,000 psi 











40 
Percent 
Outside Gas: None Propane 
ASTM octane number..............,..-. tA Sees ae 78 78 
Debutanized distillate, percent by volume of naphtha charge. . 61.2 70.9 
Butane-butene, percent by volume of naphtha charge......... 10.1 17.0 


Unsaturation of butane-butene cut, mole percent............. 60 60 
Incremental Yields from Outside Gas: 
Debutanized distillate, percent by volume of naphtha charge. 9 
Butane-butene, percent by volume of naphtha charge........ ibaa 6. 
Debutanized distillate, percent by volume of gas charge... . ; 24 
Butane-butene, percent by volume of gas charge........... yavate 17 
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VIELO OF OEBUTANIZED GASOLINE 
PER CENT BY VOLUME OF NAPHTHA CHARGE 


FIGURE 10 


Polyforming an Eastern Venezuela naphtha with 40 percent outside 
propane-propylene (60 percent olefin). 


is apparent. both in yield of gasoline and gas-circula- 
tion rates. 


Operating for Maximum Butane-Butene Production 


A naphtha polyforming unit can be operated to re- 
move essentially all of the C, hydrocarbons from the 
gas recycle stream in order to produce a maximum 
yield of butane-butene from a given operation. The 
gasoline stabilizer is operated as a depropanizer, and 
a minimum of butane-butene is permitted to pass 
overhead with the recycle gas. The gasoline is then 
debutanized to recover a high yield of butane-butene 
which is rich in unsaturates, This method of opera- 
tion is particularly desirable for producing a maxi- 
mum of olefins for alkylation charge or for making 
extra quantities of butane for high seasonal vapor- 
pressure requirements. — 

Figure 10 shows a comparison between normal 
operation for specification vapor-pressure gasoline 
and operation for maximum butane-butene produc- 
tion for a range of distillate octane numbers. The 
charge to the polyforming unit was Eastern Vene- 
zuela naphtha and 60 percent by volume of outside 
propane-propylene containing 60 mole percent of 
olefin. The operation for maximum _ butane-butene 
production showed a gain in yield of butane-butene 
of 9 to 12% percent by volume at the expense of a 
comparatively small loss in gasoline yield. 


Another comparison is given in Table 4 for opera- 
tions charging a mixture of Pennsylvania and Mid- 
Continent naphthas with 40 percent by volume of 
outside propane. The butane-butene yields based on 
naphtha charge for typical runs at 1500 psi were 12.3 
percent by volume from naphtha with no outside gas, 
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and 17.9 percent by volume from polyforming with 
outside propane. These polyforming operations with 
and without outside gas indicate the yields of gaso- 
line and butane-butene which can be realized from 
refinery C, fractions. The calculated yields from the 
outside gas indicate that 23 percent by volume of 


TABLE 6 


Polyforming Eastern Venezuela Naphtha with 60 Percent Outside 
Propane-Propylene Containing 60 Percent Olefin 
Effect of Incomplete C3 Recycle 























Inc 5 te C lot 
Cz Recycle Cs Recycle 
Yields, Percent by Volume of Naphtha Charge + 
Gasoline (10-lb. RVP; 400° F. end. point) 108.2 113.3 
Gas ‘Ca and lighter), FOE* | 15.5 17.5 
Tar.. | 6.3 6.9 
Number of passes required to convert outside gas 3.4 7.1 
Gasoline Octane No.: ‘ 
ASTM, without addition of TEL 77.3 77.3 
Research, without addition of TEL 87.4 88.7 
Research, with addition of 3 ml TEL......... 95.0 96.2 
* FOE=Fuel-oil equivalent 


+ Propane-propylene recycle withdrawn from unit was 15.3 percent by vclume 


TABLE 7 
Polyforming Eastern Venezuela Naphtha with 34 Percent Outside 
Butane-Butene with the Same Gas Circulation Used in Polyforming 
with No Outside Gas 





34 Percent 
Butane- 
Butene 
60 Percent 
None | Olefin) 
Outside Gas: 
Naphtha charge , 100 100 
Butane-buténe charge, percent by volume of naphtha charge 0 34 
Gas recycle, percent by volume of naphtha charge 100 67 
Total furnace throughput, percent by volume of naphtha 
charge 200 201 
Yields, Percent by Volume: 
Motor gasoline (10-lb. RVP 87.6 95.2 
Excess butane-butene 0 6.6 
Propane-propylene 2.2 14.6 
Tar 5.4 8.6 
Gas 6.9 8.4 
Gasoline Octane No.: 
ASTM without addition of TEL 75.8 75.8 


Research, without addition of TEL 86.2 86.4 


TABLE & 


Polyforming Eastern Venezuela Naphtha with 33 Percent Outside 
Propane-Propylene Charged on a Once-through Basis 








33 Percent 
Propane- 
Propylene 
60 Percent 
None Olefin 
Outside Gas: 
Naphtha charge 100 100 
Butane-butene charge, percent by volume of naphtha charge 0 33 
Gas recycle, percent by volume of naphtha charge 100 100 
Total furnace throughput, percent by volume of naphtha 
charge 200 233 
Yields, percent by Volume: 
Motor gasoline (10-lb. RVP 79.6 87.9 
Excess butane-butene 6.2 8.0 
Propane-propy lene 1.6 12.6 
Tar 7.5 9.1 
Gas | 7.6 | 10.6 
Gasoline Octane No.: 
ASTM, without addition of TEL 78.0 78.0 
Research, without addition of TEL 90.1 88.8 
‘ 
TABLE 9 


Polyforming Eastern Venezuela Naphtha with 60 Percent Outside 
__Propane-Propylene Containing 60 Percent Olefin. 








| Operation | | Operation 2 





Yields, Percent by Volume of Naphtha Charge: 


Gasoline (10-lb. RVP; 400° F. end point) 106.0 111.5 

Gas (Ca and lighter), FOE* 20.5 17.2 

SSE ; 90 = «6| 9.2 
Gasoline Octane No.: 

ASTM, without addition of TEL 78.0 78.0 

Research, without addition of TEL 90.3 88.8 

Research, with addition of 3 ml TEL 97.0 | 96.5 





+ 


*FOE = Fuel-oil equivalent. 
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gasoline and 14 percent by volume of butane-butene 
were obtained from propane. Yields of both gasoline 
and butane-butene from propane were slightly higher 
in polyforming operations with pressures of 2000 psi, 
as shown in Table 5. 


Limited Conversion and Once-Through Operations 
on Outside Gas 


In many cases sufficient polyforming capacity is 
not available to convert to extinction all of the out- 
side refinery C, and C, fractions. If the outside gases 
are comparatively high in olefin content, it is often 
desirable to charge large amounts of outside gas and 
operate for incomplete conversion of the gas in order 
to utilize the polyforming capacity in the most effi- 
cient manner. Because olefins are more reactive than 
paraffins in the polyforming furnace, an operation 
with limited recycling of gas tends to strip the out- 
side gas of its olefins and to reject a relatively olefin- 
lean gas. Similarly, outside butane or butane-butene 
can be converted advantageously in a unit of liquid 
capacity by rejecting propane from the recycle gas 
stream. 

Table 6 shows yields for two naphtha polyforming 
operations charging 60 percent by volume of outside 
propane-propylene containing 60 mole percent of 
olefin. In one case the outside gas was recycled to 
extinction with 7.1 passes through the cracking fur- 
nace. The recycling of gases was limited to 3.4 passes 
for the outside gas in the second operation, and one 
fifth of the outside gas was unconverted. The gasoline 
vield in the latter run was 5 percent lower, but the 
required amount of polyforming capacity was greatly 
reduced. 

When small amounts of olefinic outside gas are 
available, it is sometimes profitable to charge them to 
a naphtha-polyforming operation in place of a portion 
of the normal gas recycle stream, using only the 
usual amount of gas recycle for naphtha polyforming 
without outside gas. As the normal Polyform recycle 
gas is largely propane, this method of operation can 
be advantageous with either outside C, fractions or 
olefinic C, fractions. Table 7 shows how .34 percent 
of olefinic butane-butene can be utilized without in- 
creasing the furnace throughput of a polyforming 
unit. The gasoline yield was increased 7.6 percent 
by volume over the straight naphtha-polyforming 
operation, and approximately 80 percent of the out- 
side butane-butene was converted in a single pass. 

A similar operation involves charging an outside 
gas rich in unsaturates to a naphtha-polyforming 
operation on a once-through basis. The furnace 
throughput is increased only by the amount of out- 
side gas charged. Table 8 compares a conventional 
polyforming operation with another charging on a 
once-through basis 33 percent by volume of propane- 
propylene containing 60 percent of olefin. The gaso- 
line yield was improved by 8.3 percent by volume, 
and the excess butane-butene by 1.8 percent by vol- 
ume, in the operation using the outside gas. About 
two thirds of the outside propane-propylene was 
converted. 


Adjusting Gas-Conversion Conditions for 
Optimum Yields 


Operating conditions must be selected with care 
for polyforming operations charging olefinic outside- 
gas fractions in order to insure optimum yields of 
gasoline from the gas conversion, especially when 
high-octane distillates are produced. Table 9 shows 
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; The distillate produced by naphtha polyforming 
1 with or without outside gas is well balanced in vola- 
1 tility, and can be used as a major constituent of a 
r finished motor fuel. Octane numbers vary between 75 
- and 80 by the ASTM method (without addition of 
1 tetraethyl lead), depending upon the severity of 
1 cracking and the character of the charge. Research 
- octane numbers range from 84 to 93 for the unleaded 
- distillate. The spread between ASTM and research 
e octane numbers increases with the ASTM octane 
d number of the distillate, and it also tends to be 
S higher for gasolines from more-paraffinic naphtha 
stocks. The sensitivity is ordinarily in the range of 
g 9 to 12 for polyformed distillates having ASTM 
e octane numbers of 76 to 77. Gasolines from naphtha 
vf polyforming have excellent octane blending char- 
0 acteristics in other gasoline stocks. 
r- Figure 11 shows a hydrocarbon analysis of a 
S typical gasoline produced by polyforming Eastern 
e Venezuela naphtha with 40 percent by volume of 
e outside propane to an ASTM octane number of 76.5. 
e The higher-boiling half of the gasoline contains 44 95 percent of the cars at the various engine speeds 
y percent of aromatics and only 16 percent of olefins. §,,m 750 rpm to 3000 rpm. The solid curves represent ' 
the road octane vs. engine-speed relationships for the 
re . ae yo polyformed distillates, both unleaded and with addi- 
10 wa tion of 3 ml of TEL per gallon. The performance of 
mn ‘ ADRY PAAAPFINS AND) MAPHTHENES the unleaded gasolines closely approximates the 
or A QOQQQQYWANAMY N ~~ ~~ octane-requirement curve for 95 percent of the cars 
1s ue YY YA » at all engine speeds. The curves for the leaded dis- 
le ~~. ~ AA ZA™YYS YA) tillates indicate the suitability of these stocks as 
- EQ QCD ff SS A \ blending components with lower grade fuels. Higher 
or $ Kk \ \ SX ’ V JAW a AN - ‘ . 

SL QOORY. VID. VY \ octane-number polyformed distillates have road- 
nt s DY iy /, \ performance curves which are parallel to or steeper 
ned & 4 Lf 7 / A/ > LS than the curves for the typical gasolines shown 
1g : , #4 Vj Yj herein. 
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the improvement derived by operating at conditions 
selected with a thorough knowledge of gas-naphtha 
reactions. The charge to the unit was Eastern Vene- 
zuela naphtha and 60 percent by volume of propane- 
propylene containing 60 percent of olefin. The better 
operating conditions increased the gasoline yield by 
5.5 percent by volume and decreased the yields of 
tar and fuel gas. 


Polyform Distillate Quality 


















the octane requirement which satisfied 25, 50, 75, and 






















































































Octane requirements of a group of late-model cars. 
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Correlation of Operating Variables 


In the Polyform Process 


JOEL H. HIRSCH, P. OSTERGAARD, and W. C. OFFUTT 


‘To PROVIDE the most efficient utilization of the 
Polyform process in present-day refinery operations, 
a generalized correlation has been prepared, based on 
data from a large number of pilot-plant runs. Using 
this correlation, it is possible to calculate the yields 
of hydrogen, methane, ethane, ethene, propane, pro- 
pene, butanes, butenes, isopentane, mpentane, pen- 
tenes, C, to 400°-F.-end-point fraction, and tar; CFR 
motor and research octane numbers, with and with- 
out the addition of tetraethyl lead; the rate at which 
propane, propene, butanes, and butenes must be re- 
cycled for a given conversion; and the amount of 
reaction coil volume required to obtain the desired 
conversion with a given heater temperature gradient. 

Although the correlation is general, the examples 
in the present paper deal with the polyforming of 
200 to 400° F. Eastern Venezuela naphtha (Table 1) 
at a pressure of 1500 psi, both with and without the 
addition of outside C, fractions, and illustrate the 
calculation procedure employed. The complete corre- 


lation covers 139 pilot-plant runs on 17 charge 
stocks—ranging from Rodessa naphtha of 12.2 char- 


acterization factor® and 22 CFR motor octane num- 
ber, to catalytic cracked naphtha of 11.1 characteriza- 
tion factor and 77.4 CFR motor octane number. It is 
applicable both to straight or self-contained poly- 
forming, _and to polyforming with-the addition of 
outside C, and C, fractions, ranging up to 60 percent 
by volume of the naphtha charge, and varying in 
olefin content from 0 to 60 percent by volume. 

In making this correlation the pilot-plant data were 
first converted to a once-through basis from a series 
of material balances around -the stabilizer and ab- 
sorber. The amount of each component, from hydro- 
gen through tar, entering and leaving the polyform 
coil was determined for each run. In this way the 
straight polyform runs and runs with outside gas 
were placed on a comparable basis, the principal dif- 
ference being in the relative amounts of some compo- 
nents such as propane and propene present at the coil 
inlet. This difference made the calculation of the 
effects of individual components on yields and octane 
numbers possible. 

Experience in previous correlations has shown the 
convenience of using an appropriate severity index 


TABLE 1 
ee of Eastern Veneavele en amt 





Gravity, API 46.8 
ASTM Distillation (°F.) 
Initial boiling point 220 
10-percent point. | 304 
30-percent point 318 
50-percent point 329 
70-percent point | $42 
90- nt point | 374 
End point 420 
Aniline point (°F.) | 117 
CFR motor octane number } 45.6 
CFR research octane number 47.9 
Characterization factor? 11.67 
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A PROCEDURE for calculating yields, octane numbers, and 
| required operating conditions in the’ Polyform process is dis- 
cussed with suitable examples. 
The authors: Joel H. Hirsch and W. C. Offutt are with 
Gulf Research and Development Company, and P. Ostergaard 
is with Gulf Oil Corporation—all at Pittsburgh, Pennsylvania. 
This paper was presented before the Group Session on Gaso- 
line, Division of Refining, at the Twenty-sixth Annual Meeting 
of the American Petroleum Institute, Chicago, November 12, 
1946. 





which can be related to product yields and product 
characteristics on the one hand, and to operating 
variables such as time and temperature on the other. 
Having placed all of the polyform runs on a common 
basis, the next step was, therefore, to find a suitable 
severity index. Selection of a severity index for the 
Polyform process was limited by the fact that so 
many of the light gaseous components are recycled. 
It was necessary to find an index in which no sub- 
stantial amount of the components would be re- 
cycled or, if recycled, would not be further con- 
verted to any appreciable extent. This narrowed the 
choice to “C,’s and lighter formed” expressed as per- 
cent by weight of the total stream fed to the reaction 
coil. Reaction velocity studies later showed that this 
was a fortunate choice. 

It has been found that yields, throughputs, and 
product characteristics can all be related as functions 
of four major variables: 

1. Character of fresh charge, as defined by naphtha octane 
number and characterization factor, and by amount and com- 
position of outside gas. 

2. Severity of treatment, as indicated by the “C,’s and 
lighter” severity index, 

3. Extent of recovery and recycling of C; and C, fractions, 
as determined by operation of the absorber and stabilizer. 

4. Operating pressure, which is a variable of lesser effect 
than the other three. 


Yield Correlation 


Preparation of the yield correlation was aided by 
the fact that a number of pilot-plant runs were made 
charging practically pure propane as outside gas. 
From the increase in yield of these runs over those 
from straight polyforming, the incremental effect of 
propane was determined. In other runs mixtures of 
propane and propene were charged as outside gas, 
and the incremental yield due to propene could 
thereby be evaluated. Similarly, incremental yields 
for butanes and butenes were determined. It is these 
incremental yields that are shown in Figures 2 and 3. 

Yields for butanes and butenes are based on rela- 
tively few runs, so that these relations cannot be used 
with as great assurance as those for propane and pro: 
pene. They are included as tentative relations, pend- 
ing more complete pilot-plan* data which are now 
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being obtained. The following averaged yields from 
butanes are being used at present for all values of 
severity index: 
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Percent by Weight 
of Butanes Converted 





ee oe § ~ Re orerayS 32.5 
og a Tse I Ee eee its 16.6 
C. to 400°-F.-end-point fraction....... 50.9 





In making the yield studies on butanes, it was 
found that the butanes go through intermediate prod- 
ucts in the process of being converted to the final 










































































G,3 © LIGHTER FommEO, wT % OF mEATER FEEO «* @ LIGHTER FORMED, WT % OF HEATER FEEO 
’ 2 ‘ . ° e 
: | a ? | 
«? _° 
: g 
-< Composition, #4 . - 
+ WL SOF G'S 8 LicHTERE  “ wt a OF Co Pmaction 
— 22 wsorentane 9 
CTnant 429 o-Ptutang a 
CTeane “ut PEN TENES .o] 
. 
: 90 
: ? 
4 an $00. \ 
. 
é 
= 
2 
a 
Tro 
e 
» 
; 
é 
$ . 
é f 
S | 
; Pt - 
4 J a 
-s na ~ 
. i" “ 
- . 
7 * 
¥ va be Lo 
= « 
~ _ 
2? 0 _— 
-_ 
r Pr: 
: . a 
“ ea 
ra 
= 
. 
2. 
4 € . 2 > o 
Cet © LIGHTER FORMED, wT % OF MEATER FEED Cyd O LsteTER Fonwed, UT % OF HEATER FEED 














FIGURE 1 
_ Yields from Eastern Venezuela Naphtha Charge at 1500°psi. 
Composition of C2 and Lighter Composition of C; Fraction, 
Fraction, Percent by Weight Percent by Weight of 


of Fraction Fraction 
PE accldcusanesta 0.6 EP rere 19 
EE scupnessetues .45.4 CE hs ck me geee seem 27 
| ES RIS a 42.9 PNR. ack Ks ad wa vdescunae 
RARE 11.1 
Products tabulated above. The amounts of these 


intermediate products, propane and propene, are 
shown in Figure 4. These must be taken into account 
in calculating heater circulation rates, but not in 
calculating ultimate yields. 

_It was found that the composition of the C,’s and 
lighter and C, fraction, for all operations studied, 
could be satisfactorily represented by the following 
averaged values: 


Percent by Weight of Cys 
and Lighter Fraction 


ON OPT HI eer 0.6 
TN ES hon 5, 58 gee an ee 45.4 
RR ey SP on Pee 42.9 
ey a re ee oe ee 11.1 





Percent by Weight 
of Cs Fraction 





The relationships employed in calculating yields 
from the Polyform process are given in Figures 1 to 
3, inclusive. A sample calculation is shown in Table 
2. Figure 1 gives the yields of various components 
from Eastern Venezuela naphtha at a pressure of 
1500 psi as a function of percent by weight C,’s and 
lighter. At any given severity the yields from the 
naphtha alone are set down in a calculation sheet 
similar to Table 2. The amounts of various Ccompo- 
nents charged also are set down. Components such as 
propane, propene, butanes, and butenes charged to 
the process are added to the amounts of those com- 
ponents made from the naphtha to give the total 
present. From this total are subtracted the amounts 
of these components leaving the process in the gas 
and polyform distillate, giving the amount converted. 
From the amount of each component converted and 
the yields in Figures 2 and 3, the yields of various 
products from C, and C, fractions are determined and 
added to those from the naphtha. Thus, it is seen that 
the calculation of a polyform yield by this procedure 
is as simple as making a material balance. Complete 
yields for a wide variety of polyform conditions can 
be calculated readily. 
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FIGURE 2 
Yields from Propane and Propene at 1500 psi. 


Yields on a percent-by-weight basis have been used 
in preference to the more conventional percent-by- 
volume basis because of the much greater convenience 
in making calculations. 

The accuracy of the yield calculation procedure is 





Average Deviation as Percent 
by Weight of Naphtha Charge 
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No deviations are shown for propane, propene, 
butanes, and butenes, because net yields of these 
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compounds cannot be predicted from the correlation 
alone. These are recycled in the Polyform process, 
and in most operations represent both charge and 
products. Yields of these compounds depend not only 
on the reaction coil, but to an even greater extent on 
the design and operation of the gas-recovery equip- 
ment. Thus, the net yields of propane, propene, 
butanes, and butenes can be varied between zero and 
the total amount of each of these components charged 
and made from naphtha, by changing the degree of 
recovery in the stabilizer absorber. 


Required Circulation of Components 

Figures 5 to 8, inclusive, present relationships be- 
tween the conversion per pass (7) of propane, pro- 
pene, butanes, and butenes and the severity index. 
From these relations, the réquired amount of each 
component (c) in the heater feed, per unit of naphtha 
charge, can be calculated with with the aid of the 
following equation : 

_P+b+ege—e 
~ P+b+c 
Where: 
Y = Conversion of any given component per pass (weight 
fraction of the component charged and made). 
= Amount of the component made from the naphtha 

read from Figure 1. 

- Amount of the component made from butane calcu- 
lated from Figure 4. (Applies only to calculation of 
C.’s circulated. ) 

g = Amount of the component charged as outside gas, ex- 
pressed as percent by weight of naphtha charge. 

e = Net yield of the component eliminated from the unit, 
expressed as percent by weight of naphtha charge. 
This is dependent on operation of the gas-recovery 
equipment. 

c= Rate of circulation, i.e., heater feed rate, of the par- 
ticular component expressed as percent by. weight of 
naphtha charge. 

Sample calculations are given in Table 2. 

Figure 5 presents the conversion-per-pass factor 
(Y) for propane as a function of the severity index. 
Using the foregoing equation, together with Figure 
5, it is possible to calculate the required propane 
circulation within an average deviation of +11.8 per- 
cent by weight (basis naphtha charge). 

Figure 6 presents the conversion-per-pass factor 
(Y) for propene in nomograph form as a function of 
severity index, operating pressure, and the olefin 
concentration of the outside C, fraction charged plus 
that made from naphtha. This relationship permits 
calculation of required propene circulation within an 


b 


average deviation of +4.6 percent by weight (basis, 


naphtha charge). 

Figure 7 gives the conversion-per-pass factor (7) 
for butanes, and Figure 8 gives this factor for butenes 
as a function of C,’s and lighter. Like the correspond- 
ing yield values, these relations are only tentative, 
pending more complete data. 


Octane-Number Correlation 

Figures 9 and 10 give the CFR motor and research 
octane number of polyform gasoline produced from 
Eastern Venezuela naphtha as functions of the “C,’s 
and lighter” severity index, and the weight ratio (a) 
of propane in the heater feed to the total propane 
plus naphtha in the heater feed. 

The effect of propane circulation in raising octane 
numbers is one of the interesting features of the 
Polyform process. Taking a propane ratio of zero to 
correspond to thermal reforming, it will be seen that 
at a propane ratio of 0.65, corresponding to poly- 
forming with 16 percent by weight outside propane 
(basis, naphtha charge), the CFR motor and CFR 
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TABLE 2 
Sample Calculation—Naphtha Polyforming 














































Percent by Weight of Naphtha Charge, Except Where Noted 
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t Based on 90 percent Cs recovery. 


t These compositions are the average distributions observed in the pilot-plant data. 


I Based on 10 percent C4 recovery. 
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FIGURE 3 
Yields from Butenes at 1500 psi. 
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FIGURE 4 


Intermediate Yields of Propane and Propene from Butanes. 
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FIGURE 5 


Propane Converted per Pass. 
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research octane numbers are approximately 4.0 and 
8.0 higher, respectively, at the same _ severity. 
Actually, the overall advantage is greater than this, 
because the presence of circulated propane permits 
operating at greater severity without coking; and 
increased gasoline yields are obtained, amounting 
to some 35 percent by weight of the propane con- 
verted. 

By taking account of the charge octane number 
and characterization factor, it has been possible to 
generalize the relationships of Figures 9 and 10: to 
cover a wide range of naphtha charge stocks. The 
average deviation of observed values from those pre- 
dicted by these generalized expressions is +1.09 
CFR motor octane numbers and +1.48 CFR research: 
octane numbers. 

Using Eastman’s method’? together with these 
octane expressions it is possible to calculate the 
leaded octane numbers of polyform gasoline contain- 
ing up to 3 ml of tetraethyl lead per gallon, within an 
average deviation of +1.07 CFR motor and +1.34 
CFR research octane numbers. Eastman’s method 
correlates a lead response factor (¢) with percent by 
weight of sulfur by the lamp-method, and the un- 
leaded octane-number sensitivity (CFR _ research 
minus motor) of the gasoline. 


Correlation of “C,’s and Lighter” Severity Index 
With Operating Conditions 

Having found that “C,’s and lighter” formed per 
pass was an ihdex of severity of treatment which 
could be correlated with yields, octane numbers, and 
required heater circulation rates, the final step com- 
prised tying this index to operating conditions. This 
was done through a procedure for calculating conver- 
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_ FIGURE 6 
Propene Converted per Pass. 
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sion per pass and pressure drop in tubular reaction 
coils, which has been previously described.” 

As brought out by Hirsch, Crawford, and Hollo- 
way,” this method involves determining reaction 
velocity constants from laboratory pilot-plant runs, 
and then using these constants to calculate the 
amount of conversion that will take place in a pro- 
posed commercial reaction coil. A plot was presented 
which correlates reaction velocity constants from 
polyforming runs with the weight ratio (a) of pro- 
pane in the heater feed to the sum of propane plus 
naphtha, and the aniline point of the naphtha charge. 
The average deviation of the reaction velocity con- 
stants from this plot is + 11 percent. 

When “C,’s and lighter formed” is used as a 
measure of the severity of thermal treatment, the 
reaction velocity constant is relatively independent 
of charging stock. For example, the value for pro- 
pane at 800° F. is 3 & 10°, whereas that for 23-API- 
gravity topped East Texas crude at the same tem- 
perature is only 910°. This difference is much 
smaller than when reaction velocity is expressed in 
terms of material decomposed. On this basis C,’s and 
lighter would be the main products in cracking pro- 
pane, and the constant would still be about 3 * 10°. 
However, gas and gasoline would be the major de- 
composition products from topped East Texas crude 
and “percent by weight of gas plus gasoline formed” 
would be the conventional index for expressing 
cracking. Here the reaction velocity constant would 
be about 240 10°, or 80 times that of propane. 
Thus, although high-boiling stocks such as topped 
crudes crack to gas and gasoline at relatively high 
rates, they still form C,’s and lighter at roughly the 
same rate as lower-boiling stocks. Reaction velocity 
constants based on “C,’s and lighter” are independent 
of operating pressure. 

Preliminary studies indicate that the procedures 
illustrated in this paper can also be applied to gas-oil 
polyforming operations. Thus it would appear that 
the correlation methods employed are sufficiently 
fundamental to cover a fairly wide range of prob- 
lems, and that “C,’s and lighter” may be a promising 
new instrument for correlating yields, product char- 
acteristics, and operating conditions in thermal con- 
version operations. 


REFERENCES 
1 Eastman, Ind. Eng. Chem. 33, 1555 (1941). 
2 Hirsch, Crawford, and Holloway, Ind. Eng. Chem. 38, 885 (1946). 
*Smith and Watson, Ind. Eng. Chem. 29, 1408 (1937). 
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Butanes Converted per Pass at 1500 psi. 
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FIGURE 8 
Butenes Converted per Pass at 1500 psi. 
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FIGURE 9 
CFR Motor Octane Number of 10-RVP Gasoline. 
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FIGURE 10 
CFR Research Octane Number of 10-RVP Gasoline. 
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5 a early phases of the petroleum-industry war- 
time aviation-gasoline program were characterized 
by rapidly expanded production of alkylate, hydro- 
codimer, and other high-octane blending agents from 
hastily commercialized new processes. In this period, 
octane numbers were the only means of evaluating 
the success of the operations, inasmuch as analytical’ 
methods had not been perfected which were equal 
to the job of telling the development chemists and 
engineers what chemical compounds their processes 
were producing. The result was quite a considerable 
amount of groping in the dark which interfered with 
the rapidity of progress demanded by the emergency. 

The tremendous background of familiarity with 
light-hydrocarbon separation, which had been ac- 
cumulated in years of Project 6 work, was put at 
the disposal of PIWC Technical Advisory Committee 
to alleviate this situation until analytical methods 
based on spectroscopy could be developed. The 
Project 6 workers were almost immediately success- 
ful in developing methods which, although slow as 
compared to the methods subsequently used, did give 
the operating technicians their first insight into the 
composition of the blending agents they were pro- 
ducing in their new plants, and enabled them to make 
an earlier start on correlations of operating variables 
with product composition than could have been done 
otherwise. A companion paper at this session? tells 
how this analytical work was done. This paper 
presents the background of the choice of samples 
analyzed and the development of the initial correla- 
tions of operating data which were made possible 
by this timely and valuable accomplishment. 


All the pertinent data on the production of the 
samples of alkylate and hydrocodimer which were 
analyzed at the National Bureau of Standards and 
reported in the companion paper were taken from 
the wartime reports.’ and are tabulated in the ap- 
pendix. The body of this paper reports typical com- 
parisons and deductions which were made from these 
data and used as a basis for correlations with data 
obtained from other sources to assist the Technical 
Advisory Committee and the Aviation-Gasoline Ad- 
visory Committee in their efforts to maximize the 
Production of aviation gasoline during the war. It 
Should be emphasized that throughout the war 
volumetric production requirements were never con- 
sistently exceeded by production, so that pressure 
was always on the technologists and operators to 
produce either greater volumes of the same quality 
blending agents or the same volume of improved 
quality ; because, either way, the total volume of fin- 
ished blended aviation fuel could be increased. All 
comparisons are on a pentane-free basis, as pentane 
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he early phases of the petroleum-industry wartime aviation- 
gasoline program were characterized by rapidly expanded pro- 
duction of alkylate, hydrocodimer, and other high-octane blending 
agents from hastily commercialized new processes. Initially, octane 
numbers were the only means of evaluating the success of the 
operations, as analytical methods had not been developed which 
would tell the development chemists and engineers which chemical 
compounds were being produced. The background of light hydro- 
carbon separation which had been accumulated in API Project 6 
was directed to help alleviate this situation until analytical 
methods based on spectroscopy could be developed. The Project 6 
workers were almost immediately successful in developing methods 
which, although slow as compared to the methods subsequently 
used, did give the operating technicians their first insight into the 
composition of the blending agents they were producing. The 
paper presents the story of the choice of samples analyzed and 
the development of the initial correlations of operating data 
which were made possible by this accomplishment. 

This paper was presented before the Division of Refining Group 
Session on Gasoline, at the Twenty-sixth Annual Meeting of the 
American Petroleum Institute, Chicago, November 12, 1946. 











content is a function of fractionation rather than of 
the syntheses involved. Further, as a foundation for 
the following discussions and comparisons, the ap- 
proximate antiknock values of certain key compo- 
nents of aviation-blend agents are important. 


Anti-knock Valves of Trimethylpentanes 








OCTANE NUMBERS 








COMPONENT F-3 4 MI TEL* F-4 |(Performance Index) 
ES iss dn. 6-6 0k wore 113 154 
sf 4 Se Pree art 114 238 
- 8 3 ee ear er 108 193 
Se EE a aca wxah Sane vances 112 234 














* TEL=tetraethy! lead. 


The blending of aviation gasoline during the early 
war years was characterized by many discrepancies. 
Two grades of combat fuel were required: one, for 
our own forces, AN-100, and the other for the 
British (BAM-100). The AN-100 specified only a 
single octane number, viz., the 1-C (later F-3); 
whereas the British Air Ministry (BAM-100) fuel 
specification carried, in addition to the lean-mixture 
octane value, a rich-mixture supercharged rating 
which was subsequently adopted by both allied air 
forces, and was approximately standardized as the 
3-C (later F-4) rating. In blending to meet these 
two specifications, it was noticed that the preferred 
blending agent for. meeting the BAM specifications 
was hydropolymer; whereas alkylate was as good, 
or possibly somewhat better, than hydropolymer for 
meeting the AN specifications. Yet, so far as our 
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technology at that time was concerned, both types 
of plants produced “isooctane.” 


Alkylates Vs. Hydropolymer 


Figure 1 compares the analysis of a typical sulfuric- 
acid alkylate with that of a typical hydrogenated 
codimer from a phosphoric-acid catalyzed polymer- 
ization plant. The comparison is -confined to 
trimethylpentane (TMP) content and breakdown; 
































SAMPLE NO. ' 4 
TYPE HaS0,-C4 ALK. |C4 HYDROPOLYMER 

2.2.4 TMP-% 30.7 9.9 

2,2,3 TMP-% 1.6 9.2 

2,3,4 TMP-% 9.0 43.9 

2.3.3 TMP-% 14.5 8.6 
TOTAL TMP-% 55.8 71.6 
QCTANE NOS. 

F-3 (4mé TEL) 106.4 103.2 

F-4 (PERF. INDEX) 140 177 

FIGURE 1 


Alkylate vs. Hydropolymer. 


but the chemical difference between the two blending 
agents was highly illuminating, and explained for the 
first time the difference in blending characteristics 
of the two materials. It was noted that the pro- 
dominant high-octane component of alkylate was 
2,2,4-trimethylpentane (isooctane) ; but the predominant 
component of hydropolymer was of a different 
chemical configuration, 2,3,4-trimethylpentane, which, 
from the preceding tabulation, is seen to have a 
somewhat lower lean-mixture octane value (F-3), 
but is substantially better in rich-mixture value 
(F-4), than the 2,2,4-trimethylpentane. In addition, 
the hydropolymer contains substantial quantities of 
2,2,3-trimethylpentane which is extremely good by 
both the F-3 and F-4 test methods. 

The otustanding good characteristics of hydro- 


TABLE 1 


Operating Conditions and Inspections for Project 6 Alkylates 
HF Alkylates* 














| CaeCs | Co 











TYPE OLEFIN FEED | Ca | Ca-Ca | Ce 
Sample No. » © @ .| Se 15 14 
Total _ percent by volume: 
123 | 23 | (9 03 | 03 
ats rat } 0.6 10.9 | 11.9 | 105 0.2 
iCsHio 61.6 68.7 | 75.6 | 69.2 57.9 
CsHio seef wees. | OS) | 6 35 | 125 
Volume Ratio, iCsH10 per olefin: | ; 
Internal . 4 | 
External 48 | 62 | 6.4 5.0 4.6 
Percent by volume of iC4Hio in reactor 
effluent ‘ 45.0 53.6 | 69.5 | 61.3 49.5 
Temperature, °F | 101 | 100 | 100 99 102 
Pressure, psi | 145 | 130 |} 130 125 120 
Residence time, min.t | 245 | 26.0 | 24.5 20.4 23.4 
Volume of acid per volume of hydrocarbon | | 
in reactor mixture 1.70 2.12 | 1.86 2.45 | 1.78 
Acid strength, titratable acidity: 
Average 84 89 S4 90 83 
Fresh. . 8 | 91 | 90 95 90 
nt.... 80 | 8&7 80 87 75 
Yie s, volume per volume: 
Total alkylate per iCaHie consumed 143; 14 2.14 2.31 1.64 
Total alkylate per olefin consumed 1.67; 185] 1.32 1.28 +.67 
Light alkylate per total alkylate 94.6 | 92.8 93.8 93.2 96.2 
Pentane-synthesized, percent by volume 
of aa total alkylate | 40 | 7.0 
ASTM Octane No.: | 
Without addition of TEL | s75 | 879 | 11 | 9886 | 871 
F-3 with addition of 4 ml TEL peg gallon | = c. 102.5 | 105.2°-| 102.9 102.5 
F-4 with addition of 4 ml TEL per gallon. | 12 4 1.10 | 1.77 | 1.08 0.80 
Index 27 ¥ 127 | 188 127 121 


& 





* Catalyst-depletions operation. 
t Volume hydrocarbon in reactor divided by total charge rate. 
t Figures in parenthesis are approximate. 
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polymer disclosed by this analysis gave added im- 
petus to the drive to produce large volumes of codi- 
mer by conversion of idle or standby refinery facilities 
to polymer plants, and ultimately a large share of 
the volumetric burden of the aviation-gasoline pro- 
gram was being carried by such plants which shipped 
their polymer to several large hydrogenation plants 
for finishing. 

As an aside, it is interesting to note that this pro- 
duction of 2,2,3-trimethylpentane by the hydropoly- 
mer techniques was quite a challenge to the tech- 
nologists engaged in developing alkylation processes, 
but up to the end of the war no data were submitted 
to the Technical Advisory Committee which showed 
alkylates with a greater 2,2,3-trimethylpentane con- 
tent than 4.0 percent. Apparently, the mechanism of 
isobutane-butene alkylation produces this configuration 
only as an incidental byproduct. 


Alkylation Variables 
As the demand for aviation gasoline mounted 
rapidly during the war, existing plants were being 
pushed above their designed capacity to meet this 


‘demand, because construction progress was slow and 


new plants were delayed in getting on stream. In the 
case of the alkylation plants this pushing up of 
capacity was producing more alkylate, but the octane- 
blending value of such alkylate was showing a 
marked tendency to decrease in spite of the fact 
that some plants had installed additional refrigeration 
capacity to maintain low reactor temperatures at the 
high throughputs. Clearly, something was happening 
at these high rates which .was deleterious to the 
alkylation reaction, but the chemistry of this degrada- 
tion was not known, and remedial measures could 
not be taken until analyses of alkylates produced at 
variable production rates had been obtained. 

Figure 2 compares the analyses of three sulfuric- 
acid alkylates from plants operating at different 
effective production rates. The lower octane values, 
both F-3 and F-4, for the higher plant rates (lower 
percent isobutane in reactor effluent) is quite marked. 
An examination of the trimethylpentane content of 
































SAMPLE NO. 4 10 24 
2,2,4 TMP % 25.9 26.8 35.5 
223 ° 1.7 1.6 2.0 
23,4 * 16 4 19.2 24.0 
233 ° 12.1 14.9 25.2 

TOTAL TMP'S 56.1 62.5 86.7 

OCTANE NOS. 

F-3 (4mé TEL) 1043 105 6 108.0 
F-4 (PERF. INDEX) 142. 143 179 

TEMP, °F 45 45 39 

SPENT ACID % 90.2 90 94.6 

Wi Cy (mm Btaoved 45.7 59.0 81.3 

FIGURE 2 


Butenes Alkylate (H.SO,). 


these alkylates was very illuminating, and gave im- 
mediate clues to what improvements should be 
sought for the overburdened plants. It is seen that, 
under high-capacity conditions, the alkylation plants 
produced alkylates having essentially the same rela- 


‘tive distributions of the four trimethylpentanes, but 


the total trimethylpentane content dropped alarm- 
ingly. An examination of the complete analytical data 
for these samples will show that the side reactions 
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TABLE 2 a 


Operating Conditions and Inspections for Project 6 Alkylates 
H:SO, Alkylates 





















































; HA CA HA 
Type Olefin Pood... 6.60... cccdsceess ra cok on tear Cs Cs Cs Cs Cs Dimer | Trimer | Trimer | Ca-Cs Cs Cs Cs Cs 
Sample No... i rapeedpews Chee talib 20 re) 10 24 27 34 43 21 11 7 12 22 23 
Total feed, percent by volume. . Wude<tea’ eltasatae es Se fee, a ol bg OD eed & cbgeed bccn FUG Ur weeks oon eee cue aneuae 
Po Sts otwelane’ 4.5 0.8 > ek Be 8 x caer Bhan wes Vent uate 0.1 ee Te Peer. wei 
eee rrr eT rere errr ee ae ae eee 2 mr Rey Meee eer bee Re OR me 
nCaHs.. ue |} 33 2.5 } end, RS Behe Ta oo Ae OS casks | Ce 
SE cr ainahhaie die dew ale cis.n edd goad pack) aie asian «ned ocean 0.3 1.1 1.3 bas 0.4 4.6 (10)t 9.0 4.6 6.5 
Polymer TSB, EP Dimer | Trimer tS See Rep, Pee Fey 
iCaHio.. 73.8 72.5 75.4 tt reece Ieee! eR 69.0 73.8 (56) 72.8 73.9 71.1 
Volume ratio, iCaHio per ‘olefin: ; 

Internal... .. teas : : 76 172 190 2,650 260 280 1,975 $11 188 180 196 320 91 
External. . _ 16 5.6 4.9 33.5 4.9 14.9 1 18 |S Ba 5.4 16 11 
Percent by yolume of iC aio i in reactor effluent : 69.7 45.7 59.0 81.3 44 72 78 64.1 52.0 45 53.0 70.3 66.0 
Nominal capacity . . . ae Pe ee ee Peay ree Os AS 20 ee Ba aa so bathe i eo) ee owe 

Temperature, . 2A : eotae ; - 70 45 45 39 40 50 48 48 50 57 50 
Pressure, psi. Sadie . a : ‘ ; 115 134 ed, PERS TERE Cet 82 115 160 75 155 i15 115 
Residence time, min. P ' eile 8 26 30 Be eee 19.8 24 31 25 31.4 22 12 
Acid strength, titratable acidity: 

Rete i ; ; 99.5 98.0 98.0 98.8 | 99.9 98 99.5 98.0 98 98.0 99.5 99.5 

Spent........ ee 90.2 90.0 94.6 | 89.8 90.0 90 90.0 90.4 86 86.9 90.0 90.0 
Emulsion circulation rate . . — 11.6 et)” | i ee Re: “hts 11.8 Ee ee 12.0 12.2 5.3 
Yields, volume per volume: 

Total alkylate per iCaHio..... 1.40 1.61 cist’ Behinec Ee weed Be Ree 1.63 1.45 i eae 

Total alkylate per olefin......... . 1.95 1.96 1.59 ; 2.3 = 1.91 1.62 1.76 1.60 1.47 
Light alkylate per total alkylate. .. ; he 0.97 0.91 0.90 peas baa 0.95 0.94 0.89 “eee 0.94 0.96 0.93 

Gallons of alkylate per pound of acid.. . ; ..| 0.50 0.83 0.92 | 1.0 1.2 OE cinccas 0.67 0.53 0.45 0.45 0.58 1.26 
ASTM octane No.: | | 

Without addition of TEL... veseseses] 887 | 919 | 923 | 96.7 | 922 | 950 | 931 | 932 | 905 87.7 | 921 | 90.7 

*.3 with addition of 4 ml TEL per gallon.............. ..| 108.3 | 104.3 | 105.5 | 108.0./ ...... | 108.1 | 105.8 | 105.4 | 103.4 102.9 | 105.4 | 104.8 
F -4{(with addition of 4 ml TEL per gallon) index.......... 129 142 143 |>162 aa ten 154 150 149 135 | 117 147 138 
| ! | 





* Composition of olefinic feed. +t Numbers in parenthesis are approximate. 











SAMPLE NO 9 10 13 
CATALYST HoS04 HF 
2,2,4 TMP % 25.9 26.8 41.7 
2.2.3 ° 1.7 1.6 2.9 
2.3.4 * 16 4 19 2 94 
2,3,3 ag 121 14.9 10.0 
TOTAL TMP'S 56 1 62 5 640 


OCTANE NOS 




















F-3 (4mé TEL) 104.3 105 6 105 2 
F-4 (PERF INDEX) 142. 143 138 0 
TEMP °F 45 45 100 
% 4 6, (Seem 45.7 59 0 695 
FIGURE 3 


Butenes Alkylate (HF vs. H:SO,). 


of high-capacity operation produced large proportions 
of dimethylhexanes which, from an antiknock stand- 
point, are so low in value as to be considered only as 
“filler,” and account for the sharp drop in total 
alkylate antiknock quality depicted in the table. 
These data increased the pressure to improve isobutane 
fractionator operation in alkylation plants; and such 
improvement, when accomplished, showed gratifying 
results in either i improving alkylate quality at a given 
plant production rate or, as was usually the case, 
permitting still further increase in plant capacity 
while maintaining a reasonable quality of alkylate 
production. 


Sulfuric- vs. Hydrofluoric-Acid Alkylation 


The first alkylation plants operated in this country 
used sulfuric acid as a catalyst; but, as the war pro- 
gram developed, alkylation plants using hydrofluoric- 
acid catalyst came on stream in increasing propor- 
tion. This was due largely to the self-contained fea- 
ture of the HF plants in which catalyst regeneration 
was an inbuilt operation, which had appeal to re- 
fineries having no sulfuric-acid handling facilities in 
existence. In addition, these plants operated at higher 
reactor temperatures, requiring little or no refrigera- 
tion, w hich was attractive in view of the existing 
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compressor shortage. In the early days of the war it 
was believed by most technologists that alkylation 
by either process accomplished essentially the same 
results; but, as the new plants went into operation, it 
soon became apparent that a somewhat different 
chemistry was involved using the two different 
catalysts, as octane values obtained on HF alkylates 
were at variance with previous experience on sul- 
furic-acid alkylates. 

The analysis shown in Figure 3 gave the first pic- 
ture of the fundamental difference between HF and 
sulfuric-acid alkylation. From this tabulation it can 
be seen that an HF-alkylation plant had to run at 
lower effective capacity (higher isobutane in reactor 
effluent) in order to equal the sulfuric-acid plant in 
F-3 octane quality; and, even then, it fell somewhat 
short in quality on an F-4 basis. A glance at the 
trimethylpentanes distribution in the alkylate gives 
the reason for this difference. 


These analyses. indicated, and subsequent work 
confirmed, that HF alkylation is a “purer” alkylation 
in that the production of the 2,2,4-trimethylpentane 
is more predominant than in sulfuric-acid alkylation. 
Chemically, this characterizes HF as a better alkyla- 
tion catalyst; but, from the standpoint of F-4 octane 
requirements, which were chronically critical 
throughout most of the war years, the HF plants 
were slightly disappointing in their response to in- 
creased throughputs: in isobutane-butene alkylation. 
However, as will be seen later, the HF plants did 
show interesting behavior in the realm of marginal 
olefin alkylation, which made their operation a very 
valuable part of the petroleum-industry war program. 


Marginal Olefin Alkylation 


As the aviation-gasoline program expanded and 
new facilities were put into operation, the light 


hydrocarbon balance in most refineries wandered 


quite far from the original design plans. The butane 
isomerization plants and the catalytic cracking units 
were producing larger quantities of isobutane than an- 
ticipated, and the extensive operation of polymer 
plants for the production of codimer was consuming 
larger quantities of butenes than planned. Pentene 
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TABLE 3 
Operating Conditions and Inspections for Project 6 Hydrocodimers 























































































| 
Sample No. 4 | 33 44 36 | 37 41 42 35 
Catalyst | Phosphoric 5 
Acid —| HeSO« 

Process. . UoP voP vuoP UOoP UOP Polyco Polyco Shell 
Reactor Type Tubular | Tubular Tubular Tubular Chamber Tubular Tubular Hot-Acid 
Feed analysis, percent by volume: ) | 

CsHe | 1.0 3.1 0.1 | ‘ 

iCaHs | 17.0 12.2 13.9 11.9 11.4 14.0 

nCaHs | 7.2 22.7 21.5 | 326 33.5 28.5 

CsHio 1.6 | 1.3 1.6 3.0 
Recycle ratio* an es ae 0.20 , 1.02 0.81 0.81 | 5 
Space velocity 051 | 0.72 0.39 0.14 0.26 0.26 5.5-6.5T 
Inlet temperature, °F | 278 | 308 340 257 286 \ 337 | 
Outlet temperature, °F. | 290 | $24 | 345 | 306 j : 
Pressure, psi | 600 | 800 | 600 700 900 900 170 
Absorber temperature, °F. | 176 
Catalyst age, gallons per pound 1.8 
Olefin conversion, percent 54 92.8 78.7 71.8 60.5 86.2 38.3 
Reaction ratio 1.8 1.41 2.34 1.68 2.41 3.61 1.45 
Acid Strength 7.0 
ASTM octane No. for hydropolymer: } 

Without addition of TEL 93.8 95.0 92.0 | 89.5 92.5 91.0 

F-3 with addition of 4 ml TEL per gallon 103.2 (107.5)x 104.0 103.4 104.5 103.6 

F-4 with addition of 4 ml TEL per gallon 177 133 155 104 | 162 148 





total olefins converted 
* Reaction ratio= 


t Contact time, in minutes 
isobutylene converted 





















































t Pounds of acid per barrel of polymer. 








X Data in parenthesis approximated. 





















































SAMPLE NO : = a3 | 22 - velopments in this type of alkylation, inasmuch as 
CATALYST W804 | #,80, | #80, |H,80, | HF the trimethylpentane content of the alkylate was in- 
nw Ta Ow ee G, Tire : creased and the alkylate quality was improved: It is 
WeoxX cast ia. 7 17a o -) — pertinent to note at this point that 3-methyl-l-butene 
2.23 * i7/ O98] os] o7| o7 (isoamylene) boils at 66° F., whereas the straight-chain 
2.34 ° 164} 66| 64] 94] 54 compound I-pentene (amylene) boils at 86° F. There- 
2.3.3 ° 12.1 45) 7.1 9.5 42 7 i fractions s 2 i 
TOTAL Tee's fal | Ree aed | ee | ae fore, the light fractions should produce a superior 
feed. These’ data were a spearhead for extensive 
OCTANE NOS. alkylation of light pentenes in practically all the p 
F-3 (4mé TEL) 104.3 | 1032 | 1048 | 1084 | 1025 sulfuric-acid alkylation plants in the country. t] 
F-4 (PERF INDEX 42 | 132 | 147 1 . 
” al The last column on this chart shows that pentenes s 
TEMP °F 45 50 50 50 | 102 should not be used as marginal olefin feed to HF e 
% a Cg (1m REactOn) 457] 45.0] 66.0] 703 495 alkylation plants ; but reference to Figure 5 gives the h 
2.25 TMH % a01 202!) 29.4) 208 | 293 data which first indicated that, on a marginal olefin- tr 
a - 66/_56/ 65/ 55 feed basis, the HF plants would do their best job ti 
TOTAL TuN'S 4.9 | 4028 | 55.0} 3560 /| 548 handling propylene wherever this olefin could not be e 
used to good advantage in the production of cumene. al 
FIGURE 4 b 
Pentenes Alkylate. os 
SAMPLE NO. F 
and propylene were being brought in to the alkylation CATALYST Hp S04 Hp S04 HF al 
picture. OLEFIN C4 Cy C, 
Some sulfuric-acid plants started charging pen- Ye Tee's = te 163 
tenes as marginal olefin feed with considerable suc- o34 * ‘a6 ° ; bys 
cess—showing little, if any, drop in alkylate quality. 2,33 * 12.1 3.2 3.9 
Other sulfuric-acid plants reported very poor results, TOTAL TMP'S 6! 14.3 247 
particularly from the standpoint of the rich-mixture OCTANE NOS. 
quality (F-4) of their production. The analyses of F-3 (4me TEL) 104.3 103.3 108.7 
samples of alkylates from the various plants involved F-4 (PERF INDEX) 142 129 127 
in these apparent discrepancies were illuminating, TEMP oF 45 60 10 
and paved the way to an ultimate understanding of a _—, ar 
the mechanism of pentenes alkylation. In Figure 4, % 4 Ca (Univer) 7 maciaal =e 
samples 9 and 7 show the effect of introducing full eo omP % Mar -~ : br 
“1: ‘i ‘ _ ae - a ee Se = ie ’ e.l —s 1.1 
boiling-range pentenes into an alkylation plant as TOTAL DMP’S 3 a3 353 
additional olefin feed. A drop in alkylate quality is 
noted particularly in the F-4 value. As would be FIGURE 5 
’ ) > < ; > y > < > ~ 2 , > 
expected, the total trimethylpentane content of the Propene Alkylate. 
alkylate is displaced by trimethylhexanes, but it is : 
interesting to see that the relative distribution among dir 
the trimethylpentanes conforms to the same pattern It should be noted from this chart that a sulfuric-acid on 
as for butenes alkylation. Increasing the isobutane con- plant charging propylene as marginal olefin feed apy 
tent of the reactor effluent improves the situation, as would have to be cut back in capacity to give almost anc 
shown by sample 23; but the real improvement is 70 percent isobutane in the reactor effluent in order to ner 
indicated by sample 22. In this instance the marginal produce an alkylate in equal quantity to that produced i 
olefin feed was prefractionated, and only the light in an HF plant operating at a more normal 45--percent Or 
pentenes were charged to the alkylation plant. The isobutane in reactor effluent. These data set the pattern trin 
result, as disclosed by the analyses, was highly which was subsequently confirmed by a wealth of I 
gratifying, and set the pattern for subsequent de- additional data wherein pentenes were used by sul- hyd 
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furic-acid plants, and propylene was used by HF 
alkylation plants, as marginal olefin feeds. 


Use of Butadiene Byproducts 


The petroleum-source butadiene plants built as part 
of the wartime synthetic-rubber pregram were pro- 
ducing, as byproduct material, mixtures of diisobutylene 
and triisobutylene in significant quantities. These highly 
branched-chain olefins from the sulfuric-acid poly- 
merization units, operated as part of the butadiene 
purification plants, were given prompt attention as 



































SAMPLE 10 21 43 34 24 
TRIMER| TRIMER| DIMER 
oom PEce 4 |noT aciocoLoacidHoT acio| °4 
2,2,4 TMP % 268| 305] 314] 356 / 355 
22,3 ° 16) 25 it 18 2.0 
23,4 ° i92}| 104 14.9 15 7 | 240 
lS es 14.9} 11.9 12.5 16.9 | 25.2 
TOTAL TMP’S 625| 553] 599] 700] 867 
OCTANE NOS 
F-3 (4méf TEL) 105.6] 105 4 | 105.8 | 108.1 | 108 
. Fe4 (PERF INDEX) /|143 | 149 1500] 15@ |179 
TEMP °F 45 50 48 50 39 
he & Cy (Sercucer $90) 641] 780] 720] 813 
SPENT ACID % 90 90 90 90 946 
FIGURE 6 


Polymer Alkylation (H2SO,). 


possible sources of aviation blending agents. The first 
thought was to hydrogenate these materials, but the 
substantial quantity of trimer present in the material 
ended up as C,, paraffin hydrocarbon, boiling too 
high to be utilized in aviation fuel. These olefinic 
materials were then charged to sulfuric-acid alkyla- 
tion plants as marginal olefin feeds. The results were 
extremely interesting and gratifying. The process 
apparently did not recognize that polymers were 
being charged, the outlet streams showing no appar- 
ent change over charging all the olefins as monomer. 
Figure 6 shows the first analyses of samples of 
alkylate produced from these test operations on 
































ALK HCD HCD 

SAMPLE NO 34 3* 35 

2.2.4 TMP % 35.6 30.2 35.4 

223 ° 1.8 18.3 26.0 

2.3.4 * 15.7 14.2 19.0 

23,3 " 16.9 7.4 7.0 
TOTAL TMP’S 70.0 70.1 77.4 
OCTANE NOS. 

F-3 (4mé TEL) 108. | 107.7 

F-4 (PERF. INDEX) 154 141 

* ANALYZED BY Bor S, BUT NOT USED IN ROSSINI 

REPORT 








FIGURE 7 
Dimer Alkylate vs. Hot-Acid Hydrocodimer. 


dimer and trimer feed stocks bracketed between runs 
on conventional butene feeds. It can be seen that 
apparently depolymerization of the feed was effected 
and the actual alkylation took place in a normal man- 
ner. The results were characteristic of butene alkyla- 
tion in all respects, including the relative production 
of the various trimethylpentanes, whether dimers or 
trimers were charged to the plants. 

In contrast, the results in Figure % show that 
hydrogenation of the dimer gave a trimethylpentanes 
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distribution quite unlike that produced by alkylation 
of the same type of olefin. The difference was par- 
ticularly noticeable in the production of 2,2,3-trim- 
ethylpentane. 

The preliminary generalization which was drawn 
from this work, and which was checked by subse- 
quent developments, was that isobutylene polymers con- 
taining trimers should be charged to sulfuric-acid 
alkylation plants for optimum results. If, however, 
only dimers were present, the material could be 
charged either to alkylation or to hydrogenation with 
about equal results as far as octane-number contribu- 
tion to the aviation-gasoline program was con- 
cerned—the choice depending on other factors such 
as available capacity, transportation, etc. 


Study of Hydropolymer Operations 

In order to produce the maximum quantity of high- 
octane blending agent for aviation gasoline during 
the period when the construction of new plant facili- 
ties was slow, a great many codimer operations were 
started in facilities hastily and ingeniously adapted 
for the purpose from existing refinery equipment. 
Previous experience with motor polymer production 
had indicated that the tubular-type reactors offered 
































SAMPLE NO. 36 44 
FEED COMP RATIO 

«* T: 

(sth 0.54 2.36 
2,2,4 TMP % 6.6 27.4 
2.2.3 e 10.6 7.9 
2,3,4 43.9 28.3 
2.3.3 6.1 3.1 

TOTAL TMP'S 67.2 66.7 
OCTANE NOS. 
F-3 (4mf TEL) 104.0 106 
F-4 (PERF. INDEX) 155 133 
REACTOR TEMP °F IN 340 308 
OuT 345 324 
OLEFIN CONVERSION % 78.7 92.8 
REACTION RATIO 2.34 1.41 
FIGURE 8 


Hydropolymer—Tubular vs. Chamber Reactors. 


better temperature control of the exothermic poly- 
merization reaction, but available refinery equipment 
for many of the converted plants offered only the 
possibility of chamber-type reactors in which tem- 
perature control could be effected only by quenching 
with cooled recycle gas. As the program developed, 
the chamber-type plants gave a very good account of 
themselves; in fact, it appeared that a well operated 
and controlled chamber-type plant could equal in 
product quality the results obtained from a tubular 
plant operated under indifferent control. 

Figure 8 depicts the results from a tubular-type 
plant and a chamber-type of plant during these early 
studies. These, and subsequently discussed codimer 
results, are from laboratory hydrogenation of the 
plant products, but all efforts were exerted to have 
laboratory hydrogenations carried out under com- 
parable conditions. In this comparison it is seen that 
the chamber-type plant produced material of lower 
octane value, particularly F-4 value, than the tubular- 
type plant. Although this difference might be ex- 
plained in part by the lower trimethylpentane con- 
tent, and particularly the lower production of 2,2,3- 
and 2,3,4-trimethylpentanes, the interesting question 
is raised as to whether the reported engine ratings 
are in error, and whether the octane values as com- 
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puted from the hydrocarbon analysis may not give a 
more correct indication of the quality of these fuels. 
The approximate numbers as calculated from indi- 
vidual components are as follows: 














SAMPLE No. 36 No. 37 
F-3 (Octane)...... ~ ate soe] 106 103 
F-4 (periormance index No.) . 4 174 160 








These calculated differences can be accounted for 
almost completely by a study of the plant operating 
conditions in which the lower reactor temperatures 
result in a lower olefin conversion and a lower re- 
action ratio (the ratio of total olefin reacted to iso- 
butylene reacted). Incidentally, this example is only 
one of many cases which occurred during: the pro- 
gram where interpretation of results by hydrocarbon 
analysis explained discrepancies occasioned by erro- 
neous engine ratings. 

It is well to digress at this point and emphasize a 
radical difference in the technological thinking which 
controlled the operation of the industry’s alkylation 
plants and the codimer plants. The basic chemistry of 
the butane-butene alkylation process requires ap- 
proximately a constant ratio of isobutane to butene 
in the net feed; therefore, the general pattern of 
alkylate composition with respect to the trimethyl- 
pentanes persists the same throughout major changes 
in, plant operation. The codimer plants, on the other 
hand, polymerized in one manner or another what- 
ever olefins were fed to them—the degree of conver- 
sion depending on the operating conditions. Further, 
many codimer plants were operated ahead of alkyla- 
tion plants as a feed-balancing procedure, so that 
their operations were controlled by the quality of 
their unpolymerized output streams, and the liquid 
product varied accordingly. Thus, the wartime- 
developed correlations applying to the codimer plants 
were not nearly so conclusive as those developed for 
the alkylation plants because of the larger number of 
variables being handled. 

As previously mentioned, the samples analyzed by 
Project 6 gave the first picture of the difference in 
chemical composition between alkylate and hydro- 
polymer. As the program developed, more samples 
were analyzed, and the results formed the backbone 
of a correlation of codimer-plant operating variables 








SAMPLE NO 4 42 
2,2,4 TMP % 11.2 5.2 
2.2.3 ° 14.8 10.0 
2.3.4 ° 39.2 37.3 
2,3,3 7.2 4.6 

TOTAL TMP’S 72.4 57.1 

OCTANE NOS. 

F-3 (4mé TEL) 104.5 103.6 
F-4 (PERF. INDEX) 162 148 

REACTOR TEMP °F (AVG) 286 337 

OLEFIN CONVERSION % 60.5 86.2 

REACTION RATIO 2.41 3.61 

















FIGURE 9 
Hydropolymer—-Reactor Temperature. 


which proved to be very valuable. Figure 9 presents 
a comparison in which the major variable considered 
was reactor temperature. The result of higher reactor 
temperature is seen to be a degradation of the prod- 
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uct quality, even though a higher olefin conversion 
is obtained. This degradation results in a lower total 
trimethylpentane conterit, but in addition a shift in 
trimethylpentanes distribution occurs which tends to 
offset somewhat the loss in total trimethylpentanes 
at least in F-4 value, inasmiuch as a higher proportion 
of the 2,3,4-isomer results. It is interesting to note 
that, just as the previously discussed analysis of 
alkylates indicated a constancy in pattern of tri- 
methylpentane distribution, these results on hydro- 
codimer indicated that the pattern for blending 
agents from this latter type of operation is not con- 
stant, but subject to important variations—depending 
not only on feed stocks, but also on operating con- 
ditions. 

In regard to codimer-plant feed variation, Figure 
10 is noteworthy. Here the product from plants 
charging feed stocks of widely variant composition 
are compared. The first plant (sample 36) was a do- 
mestic plant operating in conventional manner on 























SAMPLE NO. 36 (TUBE) |37 (CHAMBER) 
2.2.4 TMP 6.6 7.2 
+ 3 10.6 8.5 
23,4 * 43.9 34.9 
2.3.3 °* 6.1 5.2 

TOTAL TMP S 67.2 55.8 

OCTANE NOS. 

F-3 (4mé TEL) 104.0 103.4 
F 4 PERF. IND 1§5.0 104.0 
REACTOR TEMP °F “IN 340 257 
ouT 345 306 
OLEFIN CONV. % 78.7 71.8 
REACTION RATIO 234 1.68 
FIGURE 10 


Hydropolymer—Feed Composition. 


conventional feed stock. The second plant (sample 
44) was a foreign plant operating on very unusuai 
feed stock having an extremely high ratio of iso- 
butene in the feed. The samples were analyzed to de- 
termine the effect of feed composition on product 
composition. Apparently, due primarily to the feed 
characteristics and, secondarily, to different catalyst 
activity, the high isobutene feed operation resulted 
in a very high olefin conversion at a lower reactor 
temperature than was the case for the conventional 
operation. Under these conditions the high-isobutene 
feed produced a hydrogenated product with substan- 
tially higher F-3 octane value, but with a consider- 
ably lower F-4 value than was normal experience. 
Examination of the trimethylpentane distribution in 
these samples furnishes an interesting comparison. 
The finished blending agent in the unusual case con- 
tained a normal amount of total trimethylpentanes, 
but the distribution of these trimethylpentanes was 
anything but normal for codimer operations. The 
high concentration of isobutene in the feed to the re- 
actors forced the reaction toward production of an 
abnormally high proportion of 2,2,4-trimethylipen- 
tane; the other trimethylpentanes held a normal dis- 
tribution. This abnormality caused the quality effect 
noted. 






In Conclusion, the Role of the Spotlight 


It may be remarked that all of the samples sub- 
mitted to the National Bureau of Standards for analy- 
sis by API Project 6 in its wartime role were not 
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reported or discussed in this or the companion paper.’ 
Just as frequently happens im normal development 
work, some of the samples were distinct duds, and 
no usable information was obtained from them. Other 
samples were submitted during particularly trying 
times in the technical development of the aviation 
program only to have the problems which were vex- 
ing at the moment evaporate with the passage of 
time or change of conditions—the result being that, 
when the analyses were available, the need either 
was obscure or had ceased to exist. However, 22 
samples are involved in the comparisons cited in this 
discussion, and these points of information were in- 


valuable new knowledge which assisted our technical 
progress through the critical days of the war pro- 
gram. 

The title of this paper was chosen deliberately and 
carefully—Project. 6 did not light a clear path 
through the technical maze which confronted the 
aviation-gasoline technologists during the war, but it 
did give spots of light which offered valuable guid- 
ance. Relatively clear routes were lighted by vol- 
uminous data obtained later in the program; but it 
should be recorded that, when compared with this 
broader knowledge, none of the Project 6 spots were 
found to be very far out of place. 


REFERENCES 


1TAC reports: AMC-1, AMC-2, and AMC-3. 
Anton J. Streiff, Charles B. Willingham, 


? Augustus R. Glasgow, Jr., 


and Frederick D. Rossini, 





“Report on Analyses of Alkylates and 
Hydrocodimers,”’ Proc. API 26 [TIT] 


(in process) (1946). 


TABLE 4 
Detomation Properties* of Hydrocarbons 








| 
| 
| 
| 


| 
| 1-C Blend 


ASTM Octane No. 
Octane No. 





(With Addi- | 
| 





|Boiling Point! (Without tion of 4 MI 3-C 
(°F.) Addition of TEL per Blending 

HYDROCARBON TEL) | Gallon) Index No. 
Tsopentane | 82.2 | 993 «| 110 142 
Normal pentane 97.0 | 61.9 87 2 
Cyclopentane 120.7. | 85.0 102 315 
Olefins. .. . >96.8 | 8%) (85 (100) 
2,2-Dimethylbutane 121.5 | 93.4 | 111 152 
2-3-Dimethylbutane 136.4 94.3 | 111 205 
Olefins 120-145 89) 85 100 
2-Methylpentane 140.5 73.5 96 66 
3- anna 145.9 74.3 96 66 
nHexane aa 155.7 | 26.0 65 100 
Olefins 145-162 | (80 85) 100) 
Methyl cyclopentane 161.2 | 80.0 100 200 
2-2-Dimethylpentane 174.6 93) | 100 143 
2-4-Dimethy ome” 176.9 83.8 | 100 83 
Benzene 176.1 113.6 | 97 220 
Cyclohexane...... 177.3 77.2 | 90 188 
I elicican's ade 162-194 
2°3-Dimethylpentane 193.6 (89) 100 143 
2-Methylhexane 194.2 45 73) | (90) 
3-Methylhexane 197.6 (55) (7$ 80) 
1,1-Dimethylcyclopentane 189.1) | 
Trans-1,3-dimethyleyclopentane 195.4} 76.9 94) 125) 
Trans-1,2-dimethyleyclopentane 197.4} 
Olefins ; 194-203 | 80) 85 80) 
nHeptane 209.1 0 52 —200 
2,2,4-Trimethylpentane 210.6 100 113.4 154 
Methylcyclohexane 213.6 71.1 89 120 
Olefins , 203-214 | 80) (85 60) 
Paraffins. .. .. 223-253 | 75) 92) 100) 
2,2- Dimethylhexane , 224.2 77.4 101 120) 
2,5-Dimethylhexane 228.4 | 55.7 80 44 
2'4-Dimethylhexane 228.9 | 69.9 94 80 
2,3-Dimethylhexane . 240.1 78.9 99) | 102 
3,3-Dimethylhexane . 233.6 83.4 100) 102) 
Naphthenes ; 217-237 70) 89) 115) 
Toluene 231.1 104.2 98 250 
2,2,3-Trimethy Ipentane 229.7 99.9 114 238 
2,3,4-Trimethy!pentane 236.6 | 95.9 1¢'8 193 
2,3,3-Trimethy oe 238.6 99.4 112 234 
Tsoparaffins ate 239-253 | 55 89) 95 
Naphthenes...... 243-255 | 65 83) 105) 
Olefins 214-257 | 67) 77) 100) 
2,2,5-Trimethylhexane 255.4 91.4 108 (150) 
2,3,5-Trimethylhexane 268.5 85) | 194 120) 
nOc tane 258.3 20) 35) 220) 
Tsoparaffins. 259-284 (75.7 93 100) 
Tsoparaffins 284-318 35 | 67) 100) 
Tsoparaffins 289-304 25) 63) 0 
Jsoparaffins. 34-320 
Tsoparaffins 318-352 69 60 
Tsoparaffins >320 60 60) 
Isoparaffins >352 60) 60) 
Naphthenes : 261-298 | 57 76) 0) 
Ethyl Benzene... . 277.2 97.9 102 250 
pXylene 281.1 103.5 | 105 265 
mXylene. 282.4 103.4 105 =| S265 
oXylene 291.9 100.0 85 —15 
Olefins eu 257-298 | } 
Naphthenes. . > 253 55) | 74) | 30) 
Paraffins. . >253 (65) | 86) J 180) 
Aromatics | >293 (99) | 1¢3 240) 
Olefins | >96.8 (92) | 98 (130) 
Naphthenes | >298 (50) 69 —20) 
Paraffins | >298 (65) | (86) | (100) 
Aromatics | >298 (98) | 12) | (220) 
Olefins. . ; >298 (80) 85 —120) 








* Ratings in parenthesis are assumed. 
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Evaluation of 
Absorber Operating Efficiency 





E. G. RAGATZ, Consulting Engineer, and J. A. RICHARDSON, 
Process Engineer, Betchel Brotters McCone Company 


to DATE almost all industry evaluations of ab- 
sorber operating efficiencies have been based on the 
classical Absorption Factor Chart of Souders and 
Brown’ (Figure 1). This chart was developed from 
the original work of Kremser,’ and shows the rela- 
tionship existing between percent component re- 
covery, number of theoretical trays employed, and 
absorption factor “A,” for an ideal absorber—i.e., an 
absorber wherein perfect equilibrium is achieved on 
each tray, and for which the values of oil and gas 
rate, temperature, and pressure, are constants 
throughout the column for any one given operation. 

The absorption factor “A” of this chart can best be 
defined as: 

The ratio of the amount of a given component absorbed 
on a tray to the amount of that same component absorbed 
on the immediate tray above. 

By mathematical analysis, Souders and 
have shown that for the ideal column: 


srown 


4 — Yori — Yo 3 7 l 
Yun — Vo-t V K 
where: 
total moles of liquid flowing between trays 
total moles of gas flowing between trays 
mole fraction of a component in the liquid 
mole fraction of a component in the gas 


ASKS 


= vapor-liquid equilibrium constant (a func- 
x 

tion of temperature and total pressure for each 

component) : 
n= number of plate, starting at top plate of absorber 
(when used as a subscript indicates plate of origin 
from which the liquid overflows or the vapor 

rises). 

Although entirely theoretical in development, the 
Brown chart emphasizes an extremely vital operating 
characteristic of all absorbers, namely : 

Once a relatively small number of trays is provided, the 
use of additional trays in the column is materially effective 
over only a limited range of absorption-factor values. 
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FIGURE 1 





Wan it has been of invaluable aid to the industry, the 
conventional theoretical absorption tray analysis of Kremser 
and Brown presents a serious weakness in that its basic 
“tray efficiency” factor shifts markedly in value with per- 
centage of key component recovered. Furthermore, the degree 
of this shifting varies widely for different’ columns, and for 
different conditons of operation of a given column. Since it 
is rarely possible to operate a commercial column under an 
exact pre-set condition of feed quality, column loading, 
and key component recovery, this shifting of the tray effi- 
ciency drastically limits the usefulness of the conventional 
analysis for accurate specification definition, or for precise 
column-operation comparison. 

The authors recently have analyzed the operating charac- 
teristics of some 40 commercial columns ranging in pressure 
from 30- to 1800-pound gauge. From this study they have 
developed a technique for evaluating absorber performance 
which utilizes an experimentally derived absorption-factor 
chart in place of the classical Brown chart, and which gives 
promise of fully correcting the limitations of the conventional 
theoretical method. 

This paper was presented before the annual meeting of the 
California Natural Gasoline Association, Ambassador Hotel, 
Los Angeles, October 11, 1946. 


The reason for this limitation, of course, is inherent 
in the basic definition of Absorption Factor—since 
obviously, practical limits of recovery are reached 
with the use of only a few trays whenever the ratio 
of the amount of a given component absorbed on a 
tray to that absorbed on the tray above is substan- 
tially smaller, or larger, than 1.0. 

For the narrow absorption factor range of some 0.8 
to 2.0, however, both the number and absolute effi- 
ciency of the column trays are of exceeding impor- 
tance, since it is over this range that the basic design 
of the column, with its accompanying oil-circulation 
requirement, is developed. Effective handling of the 
commercial absorption column problem calls for the 
precise relating of the actual column trays employed 
with the lean oil rates and quality, column operating 
temperatures and pressure, and resultant key-compo- 
nent recoveries, over this particular absorption-factor 
range. 

From its inception, the theoretical tray analysis 


i : : 
recognized that the physical values of vy and K vary 


substantially through an actual column; that such 
variations correspondingly affect the true value 0! 
“A”: and that these variations increase rapidly with 
increasing pressure. However, it was long assumed 
that an effective or mean “A” factor could be de 
veloped which would average out these differences, 
and that through such a mean factor, the operation 0! 
an actual column could be directly related to 4 
parallel-operating theoretical column. 

If this assumption had proved correct, solution 0! 
the absorber problem would have been simple—sinct 
under such circumstances relative key-componet! 
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FIGURE 2 


recoveries could have been accurately predicted by 
relating an appropriate “A” factor to its correspond- 
ing component-recovery value through the proper 
theoretical-tray line on the Brown chart. Further- 
more, an exact measure of the operating efficiency of 
the actual column would have been expressed in the 
ratio of the number of trays required for the parallel- 
operating theoretical column to those utilized in the 
actual column. 

Unfortunately, experience has shown that no such 
simple relationship exists between an actual column 
operation and a parallel-operating theoretical unit. 
Instead, it has been found that the number of theo- 
retical trays required to match the operation of an 
actual column shifts markedly with the percentage of 
key component recovered, and that the degree of this 
shifting varies widely for different columns. 

As a consequence, the conditions of operation of an 
actual column must be exactly specified (and met) if 
a theoretical tray-efficiency factor is to be used for 
accurately measuring a column’s relative operating 
effectiveness. Since it is rarely possible to operate 
a commercial column under such pre-designated 
operating conditions, the conventional theoretical 
“tray-efficiency” method can rarely be used for accu- 
rate specification definition, or for precise operating 
column comparison. 

In seeking an improvement on the conventional 
absorber evaluation method, the authors concluded 
that continued use of a mean absorption factor 
offered the best means for correlating the major 
variables associated with the absorber operation ; that 
the embodiment of this factor in a relative component- 
recovery chart offered the simplest approach to 
absorber-efficiency evaluation; and that the key to 
the evaluation problem’s solution lay in substituting 
correlating factors derived from actual operating data 
tor the older theoretically calculated factors. 

Following this line of reasoning, an intensive study 
was made of a large number of tests from some 40 
different columns ranging in operating pressure from 
35-pound to 1800-pound gauge. As a result of this 
study, an analytical method has been developed 
which gives promise of having the following desirable 
absorber evaluation characteristics : 


_ 1. Utilizes simple data readily obtainable from presently 
installed commercial columns. 
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FIGURE 3 


2. Eliminates the need for exercise of personal judgment 
in analyzing these data. 


3. Provides an automatic check on the consistency of the 
test-indicated key-component recoveries. 


4. Predicts relative key-component recoveries well within 
the accuracy required for precise engineering work. 


5. Accurately establishes the operating efficiency of an 
absorber without the need of running on a precise quality 
of feed stock, or effecting a precise recovery of a given key- 
component. 


6. Is capable of accurate definition, and utilizes a simple 
number for final identification of the column’s operating effi- 
ciency. 


The first step of our operating data analysis 
required the selection of a sound’ basis for calculating 
the mean absorption factor. Fortunately, this particu- 
lar task had already been adequately handled by 
Edmister* in his recent analysis of Horton and 
Franklin’s* proposed absorption-calculation method. 
Edmister’s mean absorption factor is based on the 
“A” factors existing at the top and bottom of the 
column, and may be expressed as: 





where: 
Ae = Effective or mean absorption factor 
As = Absorption factor at bottom tray conditions 
Ar = Absorption factor at top tray conditions 


Aa > 1. 1 = Absorption factor at tray “n’ 


Vn Ka 

While Edmister’s original derivation assumed that 
K’s based on the top tray temperature would be used 
for calculating the top plate absorption factor, we 
have used “K’s” based on the temperature of the fat 
oil leaving the bottom of the column for calculating 
both the top and bottom “A” factors. Justification 
for this simplification lies both in the character of the 
temperature gradient existing through the average 
absorber, and the fact that it has proved thoroughly 
workable in practice. 

Having decided on a method for determin- 
ing A, , component recoveries indicated by the test 
data were then calculated and plotted in the conven- 
tional manner on rectangular coordinate group-charts 
against appropriate A, ’s—with each group chart 
being confined to a comparatively narrow operating 
pressure range. Figures 2 and 3 are typical of these 
group plottings, and cover respectively 40-75 pisa test 
data, and 410-480 psia test data. For comparison, we 


, 
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also plotted on these group charts the Brown curve 
for an eight-tray theoretical column. 

Study of these group plots brought out the follow- 
ing pertinent points: 

1. While the operating lines for the actual columns were of 


the same general nature as the theoretical tray lines, they 
departed materially from the theoretical in detail. 


; . 
ABSORPTION FF 


FIGURE Me 4 
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FIGURE 4 . 


2. Individual test lines indicated marked column differences 
both in general tray effectiveness and relative component 
recoveries—with these differences often being evidenced by a 
crisscrossing of lines, rather than by a systentatic line dis- 
placement as on the theoretical Brown chart. 

_ 3. The rectangular plotted operating lines were difficult to 
interpolate, accurately in the critical 75 percent-95 percent 
recovery range due to rapid curvature in this region. 

4. While it was clearly evident that some of the column 
tests were much less authoritative than others, no reliable 
criteria of general operation pattern, or individual test con- 
sistency, was presented by the rectangular plots. 

These facts clearly called for a more effective 
graphical treatment of the data, and led directly to 
the development of the special “straight-line” Key- 
Component Recovery Chart upon which our new 
analytical procedure is based. 

With this new chart, all component recoveries be- 
tween 75 percent and 99 percent plot as a straight 
line for any given column as long as its basic tray 
efficiency remains constant. Furthermore, all such 
straight lines, irrespective of number of trays em- 
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ployed or degree of efficiency, can be drawn through 
a single convergence point for any given absolute 
pressure with an accuracy well within that required 
for precise engineering work. Finally, the character- 
istic operating lines remain fixed for any given 
column over wide ranges of lean-oil temperatures, 
and for all types of intercooled columns as long as 
the intercooling is confined to the upper 75 percent 
of the column. 

These chart features stem from a special empirical 
scale construction—which scale, together with an asso- 
ciated group of pressure convergence points, was de- 
veloped directly from actual operating data, and cannot 
be duplicated by any theoretical analysis of which we 
are cognizant. 

Typical examples of the straight-line chart’s char- 
acteristics are presented in Figures 4 and 5, on which 
we have plotted the same data previously presented 


in rectangular chart Figures 2.and 3. Inspection of 


these latter plots shows that: 

1. A majority of the operating lines on each plot can be 
drawn as straight lines through the indicated pressure- 
convergence points with an accuracy well within that required 
for precise engineering practice. 

2. Where there is a conflict in the test data, as between 
tests 33 and 32-41-42 of column 19, or tests 15 and 36 of 
column 13 (Figure 4) the “single-convergence-point” criteria 
immediately tells which particular test recovery value is in 
error. 

3. Where there are several well defined lines of different 
slope for a given column, such as shown by tests 69 and 74 
versus 63 and 64 for column 31 on Figure 4, or tests 38 versus 
39 versus 30 for column 5 on Figure 5, a fundamental differ- 
ence in basic tray efficiency is indicated. 

4. Operating lines which depart radically from the general 
operating pattern as with column 29 on Figure 4, or column 
20 on Figure 5, definitely indicate serious error in the original 
test data. : 

Additional features of the straight-line chart are 
presented in Figure 6. Here we have plotted the 
operating line for column 19 from Figure 4, and col- 
umn 36 from Figure 5, on a straight-line chart to 
which has been added a grid indicating the “Brown 
percent yield versus Ae relationship” for 3 to 100 
theoretical trays. Also, the percent key-component 
yields from 70 percent on down to 0 percent have 
been indicated. These particular chart additions were 


made for the purpose of demonstrating: 

1. The wide changes in Kremser-Brown theoretical tray 
efficiency shown by a single column operating at a given 
basic tray. éfficiency as its percent recovery of key component 
is changed. 

2. The marked difference in relationship existing between 
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FIGURE 7 


percent recovery and Ae for recoveries of over 75 percent, 
and under 60 percent. 

The wide changes shown by the theoretical Krem- 
ser-Brown tray efficiencies of Figure 6 are typical. 
Also, it should be noted that while 24-tray column 
column 36 ranges through an increasing theoretical tray 
efficiency of 16.5 percent to 44.2 percent to 34.6 percent 
in going from a 75 percent to a 98.5 percent key com- 
ponent recovery, 18-tray column 19 goes through a 
reverse, or decreasing, efficiency range of 100 percent 
plus down to 25.percent for the same key component 
recovery change, The magnitude and reversed direc- 
tion of these two sets of tray efficiencies aptly illus- 
trate the inadaptability of the conventional theo- 
retical tray-efficiency factor to accurate specification 
definition, or precise column operation comparison. 

While the test points for component recoveries 
below 70 percent on Figure 6 are somewhat scattered, 
it is clearly evident that one single line will well 
represent the average of both column operations. 
This observation conforms with the well understood 
absorber relationship that in the actual commercial 
column, excess trays are always present for the 
“under 70 percent recoveries,” and therefore such 
recoveries are functions of Absorption Factor only— 
and independent of actual tray number or tray effi- 
ciency. 

We have previously mentioned the empirical nature 
of the pressure-convergence points on the straight- 
line chart. These points constitute an important fea- 
ture of the chart, and their proper location is essential 
to the chart’s accuracy. While the present indicated 
locus of such points has been defined by three fairly 
large groups of data (averaging 67.5 psia, 435 psia, 
and 1450 psia, respectively, and four smaller groups, 
there is some question as to the authority of a portion 
of this material. Consequently, we may find that the 
presently indicated convergence point locus will be 
subject to some change as additional authoritative 
data become available. 

In connection with this locus, it will be noted that 
the individual pressure-convergence points shift sub- 
stantially with pressure. This shifting is in full agree- 
ment with another well understood absorption law, 
namely, that the absorption column’s relative selec- 
tivity steadily decreases with increased pressure. 

On Figure 7 we have illustrated the operation of 
this law as applied to a pair of low- and, high-pressure 
columns. In this figure, lines 1 and 2 represent two 
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PERCENT ABSORBED 


high-efficiency units operating at 60 psia and 1800 
psia, respectively, while line 3 and 4 represent two 
similar pressured low-efficiency units, For such pairs 
of columns (with each pair operating on the same 
quality lean oil and rich gas) the percent nC, 


recoveries and relative lean-oil rates associated with 
a common 90 percent iC, recovery, are indicated on 
the following table: 


Relative Oil Rates and nC, Recoveries at 90 Percent iC, Recovery 











Percent Relative 

nC4 Oil Rate 

Recovery Percent 
60 psia Efficient Column........... es 98.71 100 
60 psia Inefficient Column........ de ; 98.07 130 
1800 psia Efficient Column... . Ae : 98.00 100 
1800 psia Inefficient Column. . . oie 97.80 170 














These figures not only indicate the differences in 
relative selectivity existing between high- and low- 
pressure columns, but also emphasize the importance 
to oil circulation of employing high-efficiency column 
equipment — particularly for the higher-pressure 
operations. 

The effect on the straight-line operating curves of 
materially changing the lean-oil temperature or tray 
loading at a given column is shown on Figure 8. In- 























FIGURE 8 


spection of this figure (covering the operation of a 
59 psia column) shows that the basic tray efficiency 
as measured by the slope of the operating line re- 
mained fixed for wide changes in lean-oil temperature 
as long as the tray’s physical loads were held sub- 
stantially constant. On the other hand, substantial 
changes in the physical loading of the column re- 
sulted in corresponding changes in its basic tray 
efficiency. 

In this clean-cut distinguishing between changes in 
physical tray action, and changés in lean-oil tempera- 
ture, the straight-line chart thoroughly reflects good 
theory. 

Figure 9 reveals the effectiveness with which the 
straight-line chart handles the intercooled absorber 
operation. For this particular test series the lean-oil 
and rich-gas rates were held substantially constant, 
while the number and location of active oil coolers 
were changed. As shown on the chart, this control 
resulted in a single operating line. for those four tests 
which utilized coolers in the top 75 percent of the 
column. For the fifth test (No. 204) wherein cooling 
was employed near the bottom of the column, a sec- 
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ond, less efficient, operating line is indicated. Here 
again the straight-line chart reflects a well under- 
stood absorption law, namely, that the most effective 
cooling is that applied to the upper section of a 
column, 

We have previously indicated that a column’s rela- 
tive effectiveness is measured by the slope of its 
operating line. The reason for this, of course, resides 
in the factors composing A, —which for small 
changes in column control, make A, substantially 


proportional to the lean-oil circulation rate. Under 
these circumstances, the steeper the operating line 
the smaller the value of A, , and the smaller the 
quantity of lean oil required for a given key-compo- 
nent recovery. Consequently, that column which 
exhibits the steepest slope for a given operating pres- 
sure is the most effective, and when several columns 
containing the same number of trays are concefned, 
the most efficient. 

When this efficiency relationship is coupled with 
the fact that all operating lines for all columns can be 
drawn as straight lines passing through unique pres- 
sure focal points, it is seen that only one additional 
operating point need be located to completely identify 
a column’s effectiveness (or efficiency). If this addi- 
tional point is then located on a conveniently chosen 
“percent-recovery” reference line, the column’s effec- 
tiveness at any given pressure can be accurately 
identified by a single “efficiency-rating” number, i.e., 
by the value of A, for that particular reference per- 
cent recovery. In our work we have chosen 95 percent 
for this reference base. 

Proper utilization of these straight-line-chart rela- 
tionships makes it possible to: 

“Accurately specify, and check, a column’s effectiveness 
without the need of running on a precise quality of feed stock, 
or effecting a precise recovery of a given key component.” 
The many advantages inherent in such a specifica- 

‘tion flexibility are, of course, obvious, 

And back of these specification advantages lies an- 
other extremely interesting possibility of the straight- 
line chart, namely : 

“Accurately comparing the operation of a given column 
with the best of commercial units without having to run the 
column in question under any particular pre-set conditions of 
control.” 

Unfortunately, full attainment of this second goal 
is dependent on the analysis of a great deal more 
operating data than appears available at the moment. 
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However, we have made a start in this direction with 
the results shown on Figure 10. 

On this chart we have plotted value of A, at 95 
percent recovery against the log of the absolute 
operating pressure for the most efficient columns 
studied to date—with the number of trays utilized in 
each column being noted, and lines of fixed tray num- 
ber being drawn through them. If sufficient high effi- 
ciency data were available, such a chart would clearly 
specify the complete range of operation of the indus- 
try’s most efficient units. In our case, however, it 
merely indicates what may be done in the future. 

Our meager results are presented for what they are 
worth. While we have no means of knowing whether 
or not the subject columns were operating at approxi- 
mately the same relative efficiency, it is interesting 
to note that a rough pattern is established which 
exhibits the proper relationship between A, require- 
ments and number of trays employed. While crude, it 
is certainly a first step in the right direction—namely, 
to make it possible for the plant operator to quickly 
and accurately determine whether or not his plant 
equipment is “up to the industry’s best standard.” 

To us, the most outstanding.feature of this first 
attempt at an overall industry column comparison 
was that out of some 40 columns analyzed, only 5 
units fully qualified for inclusion in the maximum 
efficiency grid—with 2 or 3 others presenting some 
evidence that with more complete testing they also 
might have made the grade. 

In other words, only 20 percent at the very outside 
of all columns studied were operating at efficiencies 
approximating the industry’s best indicated standard 
at the time of testing—which fact is certainly a chal- 
lenge to both the operator and the designing engineer. 

In meeting this challenge, an accurate and con- 
sistent measure: of ‘column performance is the first 
essential. For this service we offer a new process tool, 
“The Straight-Line Chart”—confident that it will 
live up to its initial promise of consistently evaluat- 
ing absorber performance. 

We wish to acknowledge our heavy indebtedness 
to the many individuals and companies who have s0 
generously contributed data to this study. 
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THE 





ynthine process 


IV. BASIC ECONOMICS AND THE CURRENT SITUATION 


B. H. WEIL, Georgia School of Technology 
and 
JOHN C. LANE 
Gulf Research & Development Company 


a2 preceding articles in this series have con- 
tained sufficient details to prove beyond any rea- 
sonable doubt that variations of the Synthine proc- 
ess are capable of producing any or all of the mul- 
tiplicity of present-day “petroleum” products. Ger- 
man operations, also, have conclusively shown that 
many of these Synthine variants may be readily ap- 
nlied in full-scale operations. 

The prior art of the Synthine process is already 
very large in size and scope, but, just as for all proc- 
esses, much more may still be accomplished. Future 
major advances may be expected in the perfection 
of new process techniques (fluid catalyst, etc.), the 
development of new catalysts, the improvement of 
equipment, and the better refining of products. More 
economic methods of synthesis gas production, such 
as continuous gasification and perhaps even under- 
ground gasification of coal, will probably be tech- 
nically perfected. 

Whether or not the Synthine process will be ex- 
tensively applied in this country, now or later, de- 
pends on economic factors as much as it does on 
technical progress. If domestic petroleum supplies 
were inexhaustible and were to continue to be avail- 
able in sufficient quantities to meet all demands at 
a low cost, interest in the Synthine process—and in 
other petroleum substitute processes — would be 
chiefly academic. Similarly, if world petroleum re- 
sources were freely available to all nations on the 
basis of demands—and were so to continue, without 
artificial production or tariff barriers—there would 
be little urgency in the present attention to a proc- 
ess which gives no signs of ever materially bettering 
low petroleum prices even if it does appear poten- 
tially capable of meeting them. 

Unfortunately, neither of these situations per- 
tains at present. While future discoveries may tem- 
porarily halt the trend, increased exploration costs 
per barrel of crude oil discovered in this country por- 
tend increased domestic petroleum prices—unless a 
flood of inexpensive, foreign-produced oil eliminates 
high-cost producers and restricts price advances, 
even at the expense of profits. This latter develop- 
ment, not at all unlikely unless legislated against by 
high tariffs or international cartels, would amply 
Provide for anticipated increases in petroleum de- 
mands were the flow of imports to continue, once 
begun, but the specter of possible wars rises in front 


| te is the concluding article in a series of four articles on 
this subject. The authors are. respectively, Chief of the Tech- 
nical Information Division cf the State Engineering Experi- 
ment Station, Georgia School of Technology, and Head of the 
Information Section, Chemistry Division, Gulf Research & De- 
velopment Company. Mr. Weil is the author of numerous tech- 
nical and economic articles and books on petroleum and re- 
lated subjects. The material presented in this series shortly 
will be revised and, with suitable apppendices, presented in 
book form. 





of all planners who consider this the solution to an 
eventual shortage. 

If future wars are at all like past ones, or are long 
in duration, any nation externally dependent for its 
petroleum supplies may very well be defeated 
ipso facto, for no navy can guarantee that such ship- 
ments will continue—and the source of such supplies 
may conceivably fall into enemy hands. An effective 
United Nations may ultimately render such a dis- 
cussion “war mongering,” but the cost of.adequate 
preparation for war is an inexpensive insurance pol- 
icy if war can thereby be avoided—and a mere baga- 
telle of vital importance if war should come. 

World petroleum resources are undeniably exten- 
sive. Joseph E. Pogue has recently released the esti- 
mates shown in Table 1.*°* As can be seen from these 
figures, the Western Hemisphere, while not as well 
equipped with potential reserves as the rest of the 
world, still possesSes sizable quantities of oil. How- 
ever, as Pogue points out, “any attempt to relate 
proved (or estimated future) reserves to current pro- 
duction and (thus to) calculate the future life in 
terms of years’ supply is fallacious and misleading.” 

Foreign production prices are tangled in a skein 
of royalty payments, high taxes, monetary difficul- 


TABLE 1 


Estimated Proved World Oil Reserves and Future Discoveries ** 
(In Billions of Barrels) 


























Estimated Estimated 

Country or Region Proved Rese: ves Future Discoveries 
Sn en dn ead eune4 21.0 50 
eer } 9.0 | 65 
Rest of Western Hemisphere... . 0.5 30 
Total Western Hemisphere . 30.5 145 
ee BE Us oa ccs Kem kees 6.0 100 
OE aS aE ee 0.8 8 
DD MRS Sk. ce nenscn ek’ 27.0 150 
Far East (Southwest Pacific)... . 1.0 58 
Rest of Eastern Hemisphere... . 0.5 29 
Total Eastern Hemisphere. . . 35.3 345 
Grand Total, World.. . 65.8 490 























ties, and trade restrictions, but it appears likely that 
Middle East oil, for example, could immediately com- 
pete with domestic crudes in the Coastal. regions of 
this country. This is supported by the fragmentary 
data that have been published; Tables 2 and 3 are 
perhaps typical examples, whose force is intensified 
by the domestic price increases since their publication. 

Venezuelan crude oils, of course; have been used 
in this country on a competitive basis for some time, 


TABLE 2 
Competitive Cost of Middle East and East Texas Oil 
f.o.b. New York" 
(Middle East oil via Suez Canal) 























Middle East | Per Bbl. 
Production Cost..... se nad : ' $0.10 
Royalty average....... : 21 
Tanker from the Persian Gulf to New York via Suez Canal. Present- 
day, modern tanker, foreign officers and crew 61 
Loading cost. 02 
Present tax on imported oil from countries havi ing “friendly nations’ 
contracts”... Ttrt | 10% 
Toll charge through Suez Canal. . ie | 13 
Total out-of-pocket cost . ‘ a | $1.17% 
Difference in refinery realisation 2 against ‘Asablen oil. ‘ | .20 
Total o out-of-poc ket competitive cost f.o.b. New York $1.37% 
East Texas 
Market price>..... $1.25 
Gathering charge, published rate ‘ 05 
Pipe line to Gulf, renal rate. te 10 
NE” EPR 02 
Tanker to New York. Present- day, modern tanker, American crew. 
Foreign crews cannot operate coastal vessels -* .20 
Total f.o.b. New York : - $1.62 





as have other Latin American crudes. Continued 
peace, then, would apparently see a theoretically 
ample world supply of oil, for foreign demands will 
certainly not keep pace with production potentials. 

However, it would seem that research on and 
commercial use of such petroleum synthesis methods 
as the Synthine process are justified for two main 
reasons: (1) domestic security and (2) potential 
profitability. It is with these two factors that any 
basic economic analysis must be concerned. 


Other Substitute Processes 


Before embarking on a detailed analysis, however, 
it is pertinent to note some of the reasons why the 
Synthine process receives the greatest attention 
among all the various methods for the production 
of petroleum substitutes. Most of these reasons are 
apparent, from Table 4, which one of the authors of 
this series had occasion to prepare a few years ago. 

Oil shale and tar sands contain vast supplies of 


TABLE 3 


Competitive Value of Middle East and California oil 
he °. ab. les a Refineries™ 





























Middle East Per Bbl. 

Production cost. . $0.10 
Royalty average. ... 21 
Tanker from the Persian Gulf to Los Angeles re fineries. Modern | 

tanker, foreign officers and crew . ime 61 
Loading cost. .02 
Present tax on imported oil from countries havi ing “friendly nations’ 

contracts”, 4 ‘ e sana 10% 

Total out-of- pocket cost $1.04% 
Difference in refinery res aliza ation against Arabian oil .20 

Total comretitive cost ; $1.24% 

Kettleman Hills 36 Gravity 

Market price. és $1.33 
Gathering and pipe- -line transportation costs ; ** | 17 

Total f.o.b. refinery... | $1.50 
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Comparison of Leading Petroleum Substitute Methodst 


TABLE 4 








RAW MATERIALS AND METHODS 



















Natural 
Coal Gas 
Hydro- oh nthine| Oil Tar Crade 
fenation| Process ocess| Shale | Sands Oil 
Total North American Reserves 
(Billions of Tons of Source 
EE 6 6.605604660os0 49 4,000 4,000 >3 >400 >500 ? 









































Percen’ of Total Source Re- 

serves Most Practical for Ex- 

ploitation. . 26 | 50-100 10-25 ? 1 ? 
Potential Gasoline Yield From 

Most Exploitable Reserves (Bil- 3,000- 

lions of Barrels) 1,000 6,000 2-4 50 2 10-25 
Cost of Gasoline (Cents per 

Gallon)... .. 15*-24 6*-18 5*-9 = 16 8-12 6-? 
Investment (Dollars per Daily 6,500* | 2,800* 2,200 1,335- | 1,400- 

Barre! of Gasoline) ....|-13,500 | -10,000 ~4,770 3,200 — 2,800 








* Indicates the figure reported in the literature which appears to be most credible (at 
least as to order of nitude). 

Based on published estimates. Coal hydrogenation calculations are based on sub- 
bituminous coal only, ——, — types may also be hy mated, and coal-Synthine 
process estimates are based on all-type of coal, even though not all types are usable in every 
synthesis gas process variant. Oil shale reserves include only those which are known to be 
readily accessible; this is true also for tar sands. Gasoline costs are rough estimates only, 
with no allowance for by-products or transportation costs, while the value of coal and shale is 
merely the mining costs. Figures on investment are little more than guesswork, since most 
published detailed calculations are based on obsolete technology; that for crude oil lies some- 
where between the two given. 


“oil,” some of which will undoubtedly prove eco- 
nomic for use, but neither these nor agricultural- 
derived fuels (not shown) possess the over-all po- 
tentialities of Synthine products from coal. Not all 
the available coal would be so employed, of course-- 
probably not even 50 percent of the total,-for nor- 
mal coal uses will have to be met—but the implica- 
tions are clear. Natural gas possesses economic ad- 
vantages at present levels, as this table shows, but 
reserves are too small to make it a dominant factor 
for long. 
Coal Reserves 

Coal, a complex substance composed chiefly of 
carbon, but also containing varying percentages of 
hydrogen, oxygen, nitrogen, and sulfur, is present 
in North America in huge quantities, as Table 4 at- 
tests. Depending upon the proportionate amounts 
of fixed carbon, volatile matter, etc., coals are ranked 
as anthracite, bituminous, subbituminous, and lig- 
nite; they are also classified into various types, de- 
pending upon appearance and structure. This brief 
description hardly serves to describe completely the 
intricacies of coal classification, but it does serve as 
a reminder that coal, like petroleum, is not a unt 
form product from field to field and that its differ- 
ent grades possess varying properties and uses. 

The geographic distribution of known North Amer- 
ican deposits is shown in Figure 1; anthracite reserves 
are not indicated, since this rank of coal is of such 
value as a residential fuel and in such limited sup- 
ply that these factors, coupled with relatively high 
mining costs, render it improbable that producers 
of petroleum substitutes would consider it for a raw 
material. 

Tables 5 and 6 give a quantitative picture of the 
distribution shown in Figure 1. In regard to the 
effect of rank on use in the Synthine process, it is 
pertinent to note that those Synthine variations 
which depend upon water gas made from coke ar¢ 
necessarily restricted to the use of coals with rea 
sonably good coking properties, but more recent 
processes (specifically, continuous gasification) af 
applicable to almost all kinds of coal. From a tech 
nological standpoint, therefore, the total domesti¢ 
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coal reserve is theoretically usable 
for the Synthine process, but, natu- 
rally, the cheapest grades will be 
us: 1 first unless some offsetting 
p.vcess advantage is found for the [% 
more. expensive ranks. Mineable <P 
reserves are about 70 percent of the 
figures given, since mining losses 
may average about 30 percent. 

It is more than interesting to 
note that the most important de- 
posits of low-grade coals are found 
in North Dakota, Montana, Wyo- 
ming, and Colorado. Texas depos- 
its are by no means insignificant, 
however, so that it is far from cer- 
tain that this state may be ruled 
out as a major Synthinates-from- 
coal producer. Many states have 
large deposits of bituminous coal, 
so that some of these will certainly 
bulk large as synthetic oil produc- 
ers; at the present time, at least, 
bituminous coal is still the coal for 
the Synthine process. 

Yields of products vary with the 
catalysts and reaction conditions, as 
noted in the second article, but some 
generalities are of interest here. In 
testimony given in 1943, A. C., 
Fieldner and Bruce K. Brown both stated that approxi- 
mately 0.70 ton of bituminous coal is required to yield 
the coke needed for the (conventional) production of one 
barrel of Synthine gasoline and to yield the power, 
process steam, etc., required for the process; this 
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TABLE 5 


United States Coal Resources 
(Billions of Tons) 


181A 
































| Sub- 

STATE Bituminous) Bituminous! Lignite 
Alabama 66.63 bat : 
Colorado 212.62 104.05 dnanni 
Illinois 197.79 | . as 5 
Indiana. . 51.97 
Kentucky 121.55 | 
Missouri. . . ; aa 83.68 | 
Montana. * 2.61 | 62.85 315.47 
North Dakota. . 7 | ; Bh te 599.95 
Ohio ‘ 91.96 | -_ Siva : 
Oklahoma 54.76 | avons 
Pennsylvania. 103.30 coee | 
Texas ay? 7.98 Rays: 22.93 
Utah i 87.98 5.15 ay 
Washington. 11.25 | 52.42 
West Virginia. . 147.75 aks } 
Wyoming 30.31 | 590.00 | ...... 
All Others 135.67 | 3.61 | 1.02 

Total ‘ ‘ ey | 1,407.81 818.08 939.37 

TABLE 6 
Coal Resources of North America 
(Billions of Tons) 
RESERVES 
United 

COAL RANK States* Canadat Alaskat 
Saree aah 15 ; >4 
Situminous............. : 1,408 260 >2 
Sub-bituminous. ; ats : 818 522t 4 
SE, « . ns ede atgoibes ci aldol 939 98t >14 

Ree ney cadet ae 3,178 880 22 
—_—_ 

















beli * Data from bibliography reference (181A), pp. 98, 171. Estimates are 
lieved accurate. 
1 t Data from Moore, E. S., Coal, John Wiley & Sons, Inc., New York, 
= pp. 358, 413. Approximate estimates only, and those for Canada may be 
igh 
_ t Joint deposits of these coals (11 billion tons) are lumped together under 
8ub-bituminous coal. 
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FIGURE 1 


figure agreed with estimates given by Robert. P. 
Russell and Fred Denig. Thus the yield of gasoline 
per ton of bituminous coal, in the older form of Syn- 
thine synthesis, is approximately 1.43 barrels. 

For the continuous gasification of bituminous coal, 
it has been estimated that a yield of 2.3 barrels of 
gasoline per ton of coal is obtainable; for sub- 
bituminous coal, the yield is 1.7 barrels of gasoline. 
The yield from lignite would be still lower, but so 
might the cost (eventually). 

As regards Synthine primary products, A. C. 
Fieldner!*#44 has stated that 4-4%4 tons of coke 
(the equivalent of 5-6 tons of bituminous coal) are 
required to yield one ton of primary products. As- 
suming that the specific gravity: of the average crude 
is about 0.8, it would seem that about 1.2-1.5. barrels 
of primary products are obtained per ton of bitumi- 
nous coal used in this process for all purposes (raw 
materials, ‘fuel, etc.). When continuous gasification 
is used, a much higher yield is obtainable—perhaps 
as much as 2.6 barrels. Yields for sub-bituminous 
coal and lignite would be somewhat lower. 

Assuming that coal eventually will be used as 
the raw material for the Synthine process, it is 
pertinent to inquire into the manpower require- 
ments necessary for the production of the vast sup- 
plies which may be needed. The existing mines un- 
doubtedly could supply part of the demand, for 
their capacity has never been reached, but many 
new mines and a new mining industry would cer- 
tainly be needed—unless underground gasification 
proves a- large-scale success. At present, further- 
more, there are no substantial mining facilities for 
the lower ranks of coal (sub-bituminous and lig- 
nite) which may be most economically attractive. 

In 1941, the average production of bituminous 
coal per man-day was 5.2 tons,’ although strip 
mining in ‘certain localities yielded much higher 
quantities (14.23 tons per man-day in 1938, with 
some localities reporting as much as 68.54 tons per 
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man-day). Using this national average and the calcu- 
lation that the Synthine process requires 43,500- 
70,000 tons of bituminous coal for a daily produc- 
tion of 100,000 barrels of gasoline, this gasoline pro- 
duction would require a mining manpower of 8000- 
14,000 men. In terms of 100,000 barrels per day of 
primary products, instead of gasoline, as many as 
10,000-15,000 men might be required, as a rough 
estimate. 

For sub-bituminous coal used in the continuous 
gasification processes, approximately 11,300 men 
would be required to mine the coal needed for a daily 
gasoline production of 100,000 barrels. Average pro- 
duction of lignite in 1941 was 9.54 tons per man- 
day,*** but Synthine yields from lignite are not at 
hand; it may be assumed, however, that manpower 
requirements for mining would be of the same or- 
der of magnitude as for the other ranks of coal. 

No good data are at hand as to the probable man- 
power requirements for the actual operation of Syn- 
thine plants. One estimate, extrapolated from data 
for a small-scale (1000 barrels daily) plant, would 
seem to indicate an operational manpower require- 
ment of 11,500 men for the daily production of 100,- 
000 barrels of Synthine primary products, or 16,400 
men per 100,000 daily barrels of gasoline, but it 
seems possible that these figures are too high to be 
very reliable estimates. . 

It is pertinent to note that the drilling for and 
production of some 1.25 billion barrels of petroleum 
in 1939 (which yielded some 550,000,000 barrels of 
gasoline upon refining) required some 170,000 work- 
ers, and that the refining operations required 100,585 
workers. Disregarding transportation employes for 
purposes of fair comparison, it may be seen that the 
production of 100,000 barrels of crude oil daily re- 
quired about 5000 men in 1939 and that the total 
manpower required per 100,000 barrels of gasoline 
daily was approximately 18,000 men. 

This last figure is high, of course, 
regards the fact that an equal volume of products 
other than gasoline was produced, but it indicates 
that the production of Synthine gasoline from coal 
(including coal mining) will have manpower re- 
quirements reasonably equivalent to those for the 
preparation of gasoline from petroleum: (including 
production). 

The sociological desirability of such production 
is quite another matter, however. Coal mining, even 
mechanized, is an industry which seems almost out- 
side the present social pattern (or at least the de- 
sirable social pattern). It is possible, of course, that 
atomic (nuclear) energy :nay eventually eliminate 
many of the fuel uses of coal, releasing present min- 
ing capacity for “chemical” (process) usage, but 
this factor is indeterminate in the present state of 
the art. 

The effect of possible use of underground gasifica- 
tion is also incalculable at present. This method was 
discussed in some detail in the first article of this 
series, and its chief economic advantage is undoubt- 
edly the reduction (or possible elimination) of un- 
derground labor, but the Russian figures, while show- 
ing a per-man output (thermal equivalent) of 100- 
120 tons per month, compared with 30 tons per 
month by regular mining,®*’*** are hardly con- 
clusive when it is remembered that the United States 
average production of bituminous coal was 5.2 tons 
per man-day in 1941, far above the Russian average. 
Nevertheless, this method offers economic and so- 
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ditional attention. 


Costs from Coal 

The cost of producing gasoline (and other prod- 
ucts) from coal has not yet been clearly determined ; 
as Table 4 has shown, estimates vary over a wide 
range. The higher figures are based on obsolete Ger- 
man technology, however, and P. C. Keith***“ has 
recently stated that, for a combination of the direct 
coal gasification and the Hydrocol synthesis process, 
“six-cent gasoline from $2-per-ton coal is not more 
than two or three years off.” 

Robert P. Russell’**“ stated in 1943 that a Syn- 
thine plant of the European coking type, using bi- 
tuminous coal, yields gasoline at a cost of 19.2 cents 
per gallon, including 4.5 cents per gallon for 10 per- 
cent depreciation. Fred Denig testified at the same 
time that the cost of Synthine gasoline from coke 
(from bituminous coal) would be 24.4 cents per gal- 
lon and that the cost would be 18.2 cents per gallon 
from coke from sub-bituminous coal. While these 
estimates are based on detailed calculations, their 
dependence on obsolete European data renders them 
of little future significance, and it is entirely pos- 
sible that near-future costs may be as low as 6-8 
cents, 

Investment Required 

The investment required for conventional types 
of coal mining has, in the past, ranged from $1-$10 
per ton-year, the low figures being for strip mining 
and the high ones for shaft and difficult strip min- 
ing. Taking a yield of two barrels of Synthine gaso- 
line per ton of coal as a rough estimate for modern 
plants, and $5 per ton-year as a rule-of-thumb in- 
vestment figure for coal mining, the production of 
100,000 barrels of gasoline per day would require an 
investment in coal mining facilities of about $150,- 
000,000 for a 300-day working year. Much less would 
be required for strip mining, of course. 

According to Robert P. Russell,'**“ the investment 
required for plants to produce 100,000 barrels of Syn- 
thine gasoline daily from coal (according to the obso- 
lete European design) would be approximately $760,- 
000,000. Fred Denig’*** has presented figures which 
yield an estimate of $618,000,000 for prewar economic 
conditions, while Bruce K. Brown has given figures 
which would yield an estimate of $1,000,000,000-$1, 
667,000,000. 

It has been roughly estimated that the investment 
figure for synthesis plants ultimately may be as low 
as $100,000,000 per 100,000 barrels of gasoline daily 
for plants of future design. It may be seen, there- 
fore, that total investment requirements (including 
those for coal mines) eventually may be as low as 
$2500 per daily barrel of gasoline—possibly of the 
order of magnitude of those required for the produc- 
tion of gasoline from petroleum. 


Steel Requirements 

Steel supplies (except in boom times like the 
present) are not as critical in peace as they are i? 
war, but it is important to note that considerable 
quantities would be required for the erection of 4 
large-scale Synthine industry—too great an amount, 
certainly, for speedy construction in time of emerf- 
gency. Estimates!*!4 vary from 8.9-14.3 tons of steel 
per daily barrel, hence plants to produce 100,000 bar- 
rels of sy nthetic gasoline per day would require from 
890,000-1,400,000 tons of steel. 

These estimates include cracking plants and ac 
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percent of requirements. 


For modern plants using continuous gasification 
and thus avoiding coke production and use, it has 
been estimated, as a guess (by a confidential but 
qualified informant), that these earlier figures may 
be several times too high. If this is correct, steel re- 
quirements eventually might be of the same order 
of magnitude as those for gasoline production from 
petroleum. \ 


Natural Gas Reserves 


mmediate commercial application of the Synthine 
process is dependent upon the use (and continued 
availability) of low-cost natural gas. However, gas 
prices have witnessed an upward trend in recent 
years, and there has been continued agitation, lately, 
to restrict the use of this “exhaustible” natural re- 
source to “high-utility” uses based upon its physical 
state. 

There seems to be a general agreement that ulti- 
mate reserves of natural gas may be estimated at 
more than 200 trillion cubic feét. E. DeGolyer, in 
recent testimony before the Federal Power Commis- 
sion, presented the data shown in Table 7 and has 
commented further*™ that, “in a broad consideration 
of this important natural resource, it should be noted 
that if these reserves are calculated on a pressure of 
one atmosphere, include the 6000 smaller fields not 
included in this estimate, and allow for the exten- 
sion of present fields not yet fully explored, we are 
justified in considering the present gas reserve to 
be something of the magnitude of 200 trillion cubic 
feet. 

“It is realized that this is a reserve of astronomical 
proportions. However, in my judgment, after thor- 
ough review of the data available on the 426 fields 
considered, this estimate will prove to be a conserva- 
tive appraisal of the natural gas resources of the 
United States.” 


TABLE 7 


United States Natural Gas Resources* 
(In Million Cubic Feet) 








| Recoverable Estimated 
Solution Gross 1945 
Gas-Producing States, and Free | Percent of Gas 


by PAW Districts Gas Reserve | U.S. Reserve | Production 



































District 1: 
Kentucky. ... BM ic boat.) Ge peeks 90,000 
es York... - ol etetewem, Gh dsG emer 9,097 
- Reeseat 61,500 
rr mere } 95,361 
West Virginia sate toni : 200,000 
Distr ota! District 1.. 4,930,000 | 3.42 | 455,958 
strict 2: | 
Illinois 237,500 | 0.17 49,000 
Ind ina.. 13,800 | 0.01 } 1,500 
Kansas 13,955,339 | 9.67 171,000 
Michigan 132,976 | 0.09 19,700 
Oklahoma. . 6,771,172 | 4.69 370,000 
Diners tt! District 2.. |. 21,110,787 | 14.64 611,200 
istri t3: | . | - 
Arkansas 968,416 0.67 48,000 
Louisiana 13,964,303 9.68 730,000 
Mississippi .---| 1,358,404 0.94 7,900 
New Mexico.... 1,965,250 | 1.36 135,400 
Tex - 85,773,478 | 59.44 2,636,908 
| | 
Distri on District 3 | 104,029,851 | 72.09 3,558,208 
rk : | 
Colorado... 333,600 0.23 | 4,206 
Montana... ; 590,800 0.41 | 32,492 
Utal ies. dugkaeain 74,679 | 0.05 6,651 
Wyoming. . » 664,400 0.46 46,384 
D ital District 4... 1,663,479 1.15 | 89,733 
istric 5: 
gee ST ee 12,555,435 8.70 560,820 
Grand Total, U.S....| 144,289,552 100.00 | 5,275,919 
* Calculated by E. DeGolyer on a pressure base of 16.4 psi at 60 °F. 
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cessories, which, however, constitute only about 3 





Schroeder, U. S. Bureau of Mines 


Courtesy W. C. 
Inside of a single Ruhrchemie Synthine converter. Note the maze of tubes 
necessitated for heat control in this type of equipment. 


Canadian reserves, on the basis of limited data, 
appear to approximate 5-10 trillion cubic feet. There 
appears to be no reason, then, to fear any imme- 
diate or even near-future shortage of natural gas, and 
this conclusion—strongly supported by testimony at 
recent hearings of the Federal Power Commission— 
is further substantiated by the fact that the Synthine 
process itself, using coal as a raw material, will ap- 
parently be able to produce a high-B.t.u “synthetic 
natural gas” which can compete economically (even- 
tually, at least) with natural gas in regions remote 
from gas fields. 

. It is not at all impossible that, in the next decade 
or so, “synthetic natural gas” will be produced from 
coal in certain regions, by using the Synthine proc- 
ess, while in other regions, where natural gas itself 
is abundant and inexpensive, the Synthine process 
will continue to use natural gas as a process raw 
material. Transportation costs will hold the key to 
such a picture. 

Technical details on the synthesis of methane and 
other high-B.t.u. gases by use of the Synthine proc- 
ess were discussed in the second article of this series, 
but it is pertinent here to note some figures recently 
released by P. C. Keith.***4 Discussing pilot plant 
work of Hydrocarbon Research, Inc., he states that 
“it appears certain that eventuaily a process will be 
developed whereby either coking or non-coking bi- 
tuminous or anthracite coal can be completely gasi- 
fied, yielding a pipe-line gas of approximately 1000 
B.t.u. heating value. These preliminary studies fur- 
ther indicate that the net thermal efficiency ; 1.e., the 
ratio of the heating value of the product to the heat- 
ing value of the coal, including all coal used as fuel, 
will be about 80 percent. In other words, it is to be 
expected that one ton of 13,000-B.t.u. coal wil! yield 
20,000 cubic feet of synthesis gas.” 

In testimony before the Federal Power Commis- 
sion, Keith further stated that his company has ex- 
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perimentally produced 500-900 B.t.u. city gas from 
coal at an estimated cost of 17 cents per 1000 cubic 
feet. Further calculations on the production of a 900- 
B.t.u. gas from coal in a region such as West Vir- 
ginia yield a cost of 19 cents per’ 1000 cubic feet, 
which, with addéd transportation costs, would amount 
to 24.2 cents at the city gate of New York. 

While these figures may be somewhat “futuris- 
tic’—Alfred R. Powell, research director of Koppers 
Company, for one, took exception to them in later 
testimony before the Federal Power Commission*® 
and computations based on them indicate that they 
are somewhat out of line from a technical standpoint 
—it would still appear that little fear need be felt that 
the use of natural gas in the Synthine process will 
be harmful to the national economy. 


Yields from Natural Gas 

As for coal, Synthine process yields from natural 
gas are dependent upon the process variations. Rough 
calculations often are based on the production of 1 
barrel of gasoline per 11,000 cubic feet of natural gas 
(process material plus fuel). This figure probably 
introduces only minor errors, for it may be noted 
that Robert P. Russell has stated**“ that a Euro- 
pean-design Synthine plant using natural gas as raw 
material would require 505 pounds (11,950 cubic 
feet) of natural gas per barrel of gasoline, while a 
plant of “possible future design” might require only 
440 pounds (10,450 cubic feet). 

gruce K. Brown has stated'**“ that the yield of 
“crude oil” is 3 to 5 gallons per 1000 cubic feet of 
natural gas (8400-14,000 cubic feet of the latter per 
barrel of oil). /t should be noted, of course, that all the 
yield estimates for gasoline are based on the maximum 
production of that product by further refining (crack- 
ing, etc.) of the other primary products. Where other 
products are desired, such as diesel fuels, gasoline 
yields per 1000 cubic feet of natural gas are naturally 
lower. 

It is interesting to note that P. C. Keith has com- 
mented***“ that “in the next several years, improve- 
ments in the Hydrocol process will make possible 
the production of a barrel of oil from 8000 cubic feet 
of gas, including all gas used for fuel.” 

As regards commercial yields, reference may be 
made to the second and third articles of this series 
and to the following examples. 

According to Paul Ryan,’ the Kellogg “Synthol” 
variant of the Synthine process will require approxi- 
mately 11,000 cubic feet of natural gas to produce 1 
barrel of liquid hydrocarbon product. No product 
breakdown is given. 

P. C. Keith***“ reports that the Carthage Hydro- 
col, Inc., plant at Brownsville, Texas, “has been de- 
signed to process approximately 64,000,000 cubic feet 
of natural gas-per operating day and to produce the 
following: motor fuel, 5800 barrels per day; syn- 
thetic diesel oil, 1200 barrels per day, and crude al- 
cohols (in water solution), 150,000 pounds per day.” 

It may be noted that the proposed operation calls 
for the recovery of approximately 0.25 gallon of 
natural gasoline and butane per 1000 cubic feet of 
feed gas, so that this 381 barrels per day of motor 
fuel blending agents are presumably part of the 
plant’s gasoline output. Including this, the Browns- 
ville plant will have a gasoline yield of 1 barrel per 
11,000 cubic feet of natural gas and a total hydrocar- 
bon product yield of at least 1 barrel per 9150 cubic 
feet. 
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Both the Kellogg and Hydrocol figures are for 
gasolines of premium octane ratings and are there- 
fore representative of modern processes. 


Manpower Requirements 


No data on this subject are immediately at hand, 
but it would appear that manpower requirements for 
natural gas production would be low—far lower than 
for coal mining—and that labor requirements for 
the “crude oil” and gasoline production steps might 
be somewhat lower than for Synthine operations 
using coal as the raw material. 

There are obviously no sociological drawbacks to 
the process use of natural gas, other than those at- 
tendant upon its possible depletion. Serious as these 
might be, they. are minimized by the possibility of 
“synthetic natural gas” production from coal. 


Costs from Natural Gas 


Most cost estimates have been based on the use 
of natural gas at 5 cents per 1000 cubic feet, a price 
at (or below) which vast quantities are presently 
obtainable in remote and newly-discovered fields. It 
is entirely possible, however, that Synthine process 
demands, coupled with normal expanding usage, will 
result in marked price increases, a significant factor 
when it is remembered that a plant, to pay out prop- 
erly, ought to have assurance of a steady, stable- 
priced supply for at least ten vears. 

P. C. Keith has commented*"*“ that “the effects 
(on the natural gas industry) could be fundamental 
and far reaching. Firstly, the competition of natural 
gas with crude as a source of gasoline is certain to 
increase the price of gas at the well head. In the 
next several years, improvements in the Hydrocol 
process will make possible the production of a barrel 
of oil from 8000 cubic feet of gas, including all gas 
used for fuel. If at that time the capital and operating 
cost of a Hydrocol plant is on a par with an oil re- 
finery (and there is no basic reason why this cannot 
become true), then 8000 cubic feet of gas at the re- 
finery. will be the equivalent of a barrel of 30° API 
gravity Mid-Continent crude. Then, under these con- 
ditions, gas at 17 cents per 1000 cubic feet just bal- 
ances crude oil at $1.35 per barrel; both prices as 
delivered to the refinery. 

“It is the author’s guess that gas in such local- 
ities as Hugoton, East Texas, and the Gulf Coast 
will never quite reach the equivalent price of crude 
cil. In the first place, gas transportation is inherently 
more expensive than the transportation of crude 
oil. Secondly, gas must always be transported by 
gas pipe line and not by tanker or tank cars.* There- 
fore, its mobility is limited. Thirdly, the effect which 
the actuality of cheap oxygen will have upon mant- 
factured-gas costs will tend to limit the competitive 
value of natural gas for pipe lines. Nevertheless, gas 
prices will go up. It is not unlikely that, in the lo 
calities just mentioned, gas at the well head will be 
worth 10-12 cents (per 1000 cubic feet) within the 
next decade.” 

Much of the published data on costs are obsolete 
because of technical process advances, but they may 
be interpreted as setting a ceiling on present-day 
figures. According to Robert P. Russell,4 a Ew 
ropean-design Synthine plant, using natural gé@ 
costing 5 cents per 1000 cubic feet, would product 
gasoline. at a cost of 8.8 cents per gallon, including 
depreciation. A plant of “possible future design,” a 
cording to this 1943 estimate, would. yield gasolint 
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at a total cost (including depreci- 
ation) of 4.8 cents per gallon. 

These figures conflict sharply 
with an estimate made by Fred 
Denig,*** based on a_ smaller 
plant of European design (using 
natural gas); this estimate was 
17.4 cents per gallon of gasoline, 
but Denig testified that it could 
be lowered by future develop- 
ments. 

It is pertinent here to turn again 
to the two recent announcements 
concerning commercial Synthine 
process variants: those by Kel- 
logg and Hydrocarbon Research. 
According to Paul Ryan,?** the 
Kellogg “Synthol” process can 
“produce motor gasoline (75 clear 
octane CFRM) for approximately 
5 cents per gallon (including 10 
percent depreciation) from natu- 
ral gas valued at 5 cents per 1000 
cubic feet.” 

Very similar figures are re- 
ported for the Hydrocol process; 
P. C. Keith states that “the finished gasoline 
produced by Hydrocol with a Reid vapor pressure 
of 10 pounds has a clear octane number of 80 
CFRM or 88-90 CFRR. * * * The diesel oil has a 
gravity of about 38° API, a cetane number of 45-50, 
and a pour point below 0° F. The oxygenated com- 
pounds in water solution consist mainly of acetalde- 
hyde, acetone, and ethyl, propyl, butyl, amyl, and 
heavier alcohols. This last product offers an extreme- 
ly attractive source of chemical raw materials * * * 

“Allowing credit for the diesel oil at 3.5 cents per 
gallon and for the crude alcohols at 0.5 cents per 
pound, it is predicted that the ‘out-of-pocket’ cost of 
the gasoline will run about 2.5 cents per gallon, This 
cost includes all expenses and charges exclusive of 
capital costs. When capital costs, including interest, 
depreciation, and amortization are added, the cost of 


the gasoline becomes 5.25 cents per gallon.” 


Despite these latter statements, which would seem 
to indicate that the Synthine process is already di- 
rectly competitive with the use of crude oil, there is 
no uniform agreement that this period has yet been 
reached. As G. G. Oberfell has recently pointed out,°® 
“modifications of the Synthine process, using natural 
gas, undoubtedly will find useful applications, par- 
ticularly where the process can be combined with 
other processes or with existing facilities. The pro- 
duction of natural gasoline and the manufacture of 
chemicals afford opportunities for such combina- 
tions. However, without the economic advantages of 
such combinations, the available information indi- 
cates that as a means of producing gasoline alone 
the Synthine process would not be competitive with 
Present refinery operations, using crude oil as a raw 
material, under present prices * * * 

“On the basis of conservative published estimates, 
the synthesis process utilizing natural gas will not 
be able to compete with present refinery methods 
utilizing crude petroleum until the price of crude 
reaches about $1.75 to $2.00 per barrel. On the basis 
of experimental data not yet confirmed by large-scale 


a 

*It was rumored in 194498 that plans were under way looking to 
= Postwar construction of tankers to ship liquefied natural gas 
tom the Gulf Coast to Eastern population centers. 
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Courtesy H. H. Storch, U. S. Bureau of Mines 
Synthine catalyst testing units in the laboratory of the Bureau of Mines. 


commercial operations, gas may be competitive with 
crude oil under special circumstances.” 

It is certainly wise to observe caution in extrapo- 
lating data for plants which assign even reasonable 
values to oxygenated hydrocarbon by-products to 
cover a whole industry, for chemical markets are 
strictly limited, even if rapidly expanding, and a vast 
flood of Synthine by-product chemicals might result 
in chaos and losses for all, including Synthine plant 
operators. 

It would not be surprising if many refiners ignore 
by-product potentialities in their first economic ap- 
praisal of a Synthine process variant. In many cases, 
oxygenated hydrocarbons, if produced in large quan- 
tities, may have to be converted to hydrocarbon 
products by cracking or hydrogenation, or used di- 
rectly as fuel blending agents. This situation would 
be analogous to the present refinery production of 
gasoline by polymerization of mixed olefinic gases; 
such gases have diverse chemical uses, but some of 
them are available in far greater quantities than 
chemical markets could absorb. 

In any case, cost: estimates indicate that the Syn- 
thine process, using natural gas, is ready—or nearly 
ready—to compete with the use of crude oil for the 
production of gasoline and other petroleum products. 
Actual costs for large-scale operations will soon be 
determined in some of the recently-announced plants, 
which will be discussed later, and by the five-year 
research program of the Bureau of Mines. 


Investment Required 

Robert P. Russell stated in 194374 that the in- 
vestment required for the daily production of 100,000 
barrels of synthetic gasoline from natural gas would 
range from $220,000,000 (for a plant of “possible fu- 
ture design’) to $477,000,000 (for a plant of Euro- 
pean design). These figures are not very, much higher 
than the investment figures for petroleum refining 
and production, although they do not include any 
investment.figure for natural gas fields. 

Paul Ryan, in his article on the Kellogg “Synthol” 
process,*** mentions that “a complete Synthol plant 
to produce a large volume of liquid hydrocarbons, 
it is presently estimated, would have a ‘payout time’ 
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of approximately eight years. A combined Synthol 
and chemical plant, it is presently esti:znated, would 
have a payout time of approximately three years. 
This. acceleration in financial return is due to in- 
creased values of the chemical compounds over the 
values of the hydrocarbons,” but it should again be 
noted that not many plants could benefit in this way. 

More details have been published on the invest- 
ment required for the Hydrocol process. The plant 
at Brownsville, Texas, which will produce 5800 bar- 
rels per day of motor fuel, 1200 barrels daily of syn- 
thetic diesel oil, and 150,000 pounds per day of crude 
alcohols, will cost an estimated $15,000,000. On the 
basis of the gasoline alone (obviously an unfair 
one), this amounts to an investment cost of about 
$2600 per daily barrel. Extrapolated to a production 
figure of 100,000 barrels per day (again obviously un- 
fair, since mass production economies would pre- 
sumably be involved), this Synthine variant would 
require an investment of $260,000,000, a very reason- 
able figure when it again is realized that no invest- 
ment allowance has been made for the diesel oil 
and chemicals. 

P. C. Keith, in his comments on this investment 
and on product costs,***“ remarks that, “discounting 
any advantages which would result from a probable 
increase in the price of crude, it is obvious that the 
most fruitful avenue for improvement in the econom- 
ics of the process is in the reduction of capital cost. 
Substantial reductions in the cost of future Hydrocol 
plants seem probable.” 


Steel Requirements 


No data are at hand on recently-announced proc- 
esses, but Robert P. Russell testified in 19437**“ that 
a Synthine plant of European design (using natural 
gas) would require 6.5 tons of steel per daily barrel 
of gasoline, while one of “possible future design” 
would require only 2.8 tons of steel per daily barrel. 
For the daily production of 100,000 barrels of gaso- 
line, therefore, some 280,000 to 650,000 tons of steel 
would be required for construction purposes. 

These figures are comparable to those for petro- 
leum refining and are lower than those generally re- 
ported for Synthine plants using coal as raw mate- 
rial. They are still sufficiently high, however, to in- 
dicate that no large industry could be rapidly con- 
structed in an emergency. For example, some 2,800,- 
000 tons of steel would be required were the Syn- 
thine process, at some hypothetical time, suddenly 
called upon to supply 1,000,000 barrels of gasoline 
per day to replace an equivalent amount of imports 
cut off by war; this figure is over 3 percent of our 
recent wartime steel capacity and represents fabri- 
cated parts, not raw steel. The implications are 
obvious. 

Conservation of natural fuel resources, while not 
now as critical as before the advent of. atomic (nu- 
clear) energy, ‘still requires that every process be 


TABLE 8 
Efficiencies of Gasoline Production by the Synthine Process 


| 
| Percentage of 
Fuel Value of 
Raw Material 
Converted to 


} Therms 
Raw Material| Necessary te} Therms 
| to Produce |Produce One| Contained in 
One Barrel Darvel of | One Barrel 
i; lh 














RAW MATERIAL | of Gasoline | Gasoline 
} 
Coal 1,360 Ibs. 163.0 | 50.5 | 310 
Methane (European Design) 505 Ibs. 
|(11,950eu. ft.) 119.0 | 50.5 | 42.3 
Methane( Possible Future Design)..|  440lbs. | 
(10,450cu.*t.)| 104.5 50.5 | 48.3 
| | 
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analyzed as to its fuel efficiency—even if this analysis 
is promptly disregarded for other reasons. 

Basing his calculations on data released by Robert 
P. Russell,1*4* G. G. Oberfell has recently pub- 
lished*®* some interesting information on this sub- 
ject; some of this is shown in Table 8. 

As Oberfell points out, “from 1000 cubic feet of 
methane, allowing none for fuel requirements, it is 
theoretically possible to obtain about 6.5 gallons of 
motor fuel. The fuel value of this 6.5 gallons of motor 
fuel would be about 75 percent of the fuel value of 
the original 1000 cubic feet of methane. Therefore, 
the maximum fuel value recoverable is about 75 per- 
cent. In practice, however, even with 100 percent 
reaction efficiency as above, some methane will be 
required for fuel purposes. Consequently, yields will 
always be less than 75 percent of the fuel value of 
the methane used to produce it. Improved reaction 
efficiencies and, particularly, improved techniques 
of synthesis gas production will no doubt reduce the 
amount of gas required, with the result that net 
yields as high as 4.5 to 5.0 gallons per 1000 cubic 
feet may be obtained in large-scale operations. 

“For every cent of cost per 1000 cubic feet of 
methane with 50 percent of the fuel value converted 
to gasoline, the raw material cost alone will be one- 
quarter cent per gallon of gasoline.” 

In regard to the low efficiency shown in Table 8 
for the conversion of coal, two facts should be noted. 
First of all, much less coal per barrel of gasoline is 
required for modern processes (continuous gasifica- 
tion), raising the efficiency figure to a level compa- 
rable to that for natural gas. 

Secondly, the normal use of coal in a steam loco- 
motive involves a thermal efficiency of only about 5 
percent, while the use of gasoline or diesel oil in an 
automobile or diesel locomotive results in thermal 
efficiencies of about 25 percent. Assuming that 5.27 
pounds of coal are required per pound of gasoline 
produced (the figure for the obsolete process shown 
in Table 8); that the bituminous coal has a heating 
value of 12,500 B.t.u. per pound; and that the heat- 
ing value of the gasoline or diesel fuel is about 19,000 
B.t.u. per pound, the following situation prevails: 

5.27 12,5000.05=3290 Btu. 

19,000 0.25=4750 Btu. 
ei lar 
Comparative efficiency = 3300 < 100—=144% 

The potential railway use of steam- and gas-tur- 
bine, coal-fired locomotives will somewhat invali- 
date this striking comparison, but it is nevertheless 
highly pertinent to the situation as it pertains today. 


The Current Situation 

Many if not all of these economic and technica! 
factors have received attention, in recent years, from 
a number of petroleum companies, from the coal in- 
dustry, from government bureaus and research agen- 
cies, and from regional and college research groups. 
The competitive nature of our industrial pattern, ol 
course, has made it necessary for many of these or- 
ganizations to release little information on their ac- 
tivities, but enough has been revealed to show that 
widespread, intensive research is under way on many 
phases of the Synthine process. 

The projected construction of two commercial 
Synthine plants has already been announced. The 
first of these, that of Carthage Hydrocol, Inc., will 
be erected near Brownsville, Texas, at a cost of about 
$15,000,000, 

This plant, it is said, will use natural gas in 4 


Vol. 25, No. 11 





Petroleum Re finer 

















and 








Oo ™e — — wt I 


ial 
he 
ill 
ut 


a 


), Il 





process developed by P. C. Keith of Hydrocarbon 
Research, Inc. Construction and operation of the 
plant will be financed by eight companies with the 
aid of a $9,000,000 loan from Reconstruction Finance 
Corporation. 

The eight companies involved, together with their 
capital investments, are as follows: The Texas Com- 
pany, $3,778,125 ; Forest Oil Corporation, $1,259,375 ; 
Niagara Shares Corporation, $1,259,375; United Gas 
Corporation, $1,007,500; La Gloria Corporation, $1,- 
007,500; Gulf States Oil Company, $377,812; Stone 
& Webster, Inc., $377,812; and Chicago Corporation, 
$503,750. It will be noted that the capital stock 
amounts to nearly $10,000,000; it is said that The 
Texas Company, the largest stockholder, is to have 
first consideration as a purchaser of the plant’s prod- 
ucts, especially the “premium gasoline * * * for use as 
a sweetener for low-grade gasoline.” 

Construction of the plant will be under the direc- 
tion of Hydrocarbon Research, Inc., which controls 
the patent rights; these, it is said, are being sup- 
plied to Carthage Hydrocol royalty free. Pilot-plant 
(10 gallons per day) and demonstration-plant (10 
barrels per day) phases of the work, it is reported, 
were carried out at Olean, New York, and were 
backed, to the extent of $1,250,000, by Magnolia 
Petroleum Company, LaGloria Corporation, and J. S. 
Abercrombie Company. Another report mentions a 
larger experimental plant at Montebello, California, 
and states that “later material development and en- 
gineering contributions were made by Standard Oil 
Company (New Jersey) and by The Texas Com- 
pany.” 

As previously mentioned, the plant will produce 
5800 barrels per day of motor fuel with a clear 
octane number of 80 CFRM or 88-90 CFRR and a 
Reid vapor pressure of 10 pounds; 1200 barrels daily 
of 38° AI’I synthetic diesel oil with a cetane num- 
ber of 45-50 and a pour point below 0° F.; and 1200 
barrels per dav of crude alcohols (in water solution), 
these oxygenated compounds consisting chiefly of 
acetaldeliyde, acetone, and ethyl, propyl, butyl, amyl, 
and heavier alcohols. Some 64,000,000 cubic feet of 
natural gas will be used per day. 

The process in question involves: 

(1) Recovery of 0.25 gallon of natural gas and bu- 
tane per 1000 cubic feet of feed gas; 

(2) Separation from the air, by compression to 75 

psi, of 40,000,000 cubic feet per day of high-purity 
oxygen at a cost of 4.8 cents per 1000 cubic feet, 
based on a plant investment of $3,500,000 and amor- 
tization at 12.5 percent per year, but with no charge 
lor power and water, since both are available as 
process by-products from the exothermic synthesis 
reaction ; 
_ (3) The partial combustion of 64,000,000 cubic 
leet of natural gas daily with the high-purity oxygen, 
yielding the required synthesis gas mixture of car- 
bon monoxide and hydrogen; 

(4) The conversion of this synthesis gas at 250 
Psi, using a “cheap, rugged, iron-base catalyst,” in 
finely-divided form, which is circulated by the fluid- 
catalyst technique; 

_ (5) The separation of the Synthine products by 
lractionation and absorption processes ; 

(6) “Treatment of the gasoline to remove oxygen- 
ated compounds, polymerization of the propylene 
and butylene, rerunning, blending, etc.; and 

(7) “The manufacture and revivification of the 
Catalysts.” 
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All of the information sources on this plant?® 2% 118 
314A, 353, 357 do not agree in every detail, but the above 
summary includes the data which appear to be de- 
termined, The plant will apparently be completed 
sometime in 1947. 


Stanolind Oil and Gas Company 

It recently has been reported*® that Stanolind Oil 
& Gas Company is planning construction of a Syn- 
thine plant in the Kansas sector of the Hugoton field. 
Tentative plans call for the use of 100,000,000 cubic 
feet of natural gas per day to produce 6000 barrels 
per day of gasoline and 1000 barrels per day of dis- 
tillate fuels, the products presumably to be distrib- 
uted in the Kansas area. 

The exact location of this plant, the first commer- 
cial plant projected for the Mid-Continent area, will 
not be decided until after more study of the trans- 
portation problems involved, and “completion of the 
proposed plant may be delayed as long as two years, 
because of the difficulty in obtaining materials. * * * 

“Stanolind has conducted extensive research and 
pilot-plant operations on processes of synthesizing 
liquid hydrocarbons from natural gas at its labora- 
tories in Tulsa,” basing its processes on the German 
Synthine methods.***® According to one report,* it 
is believed that the projected plant will employ The 
M. W. Kellogg Company’s “Synthol” process. 


M. W. Kellogg Company 

Details of The M. W. Kellogg Company’s “Syn- 
thol” process have been discussed in several places 
in this series. Other than the rumored prospective 
application in the Stanolind plant, however, no com- 
mercial plants have so far been announced. 

According to the available information, the Kel- 
logg “Synthol” process is capable of producing 75 
ASTM octane number (83 Research) gasoline for 
about 5 cents per gallon, using natural gas at 5 cents 
per 1000 cubic feet and figuring plant depreciation at 
10 percent per year. According to Kellogg claims,’ 
the major product of the process (produced in 80 
percent yield, presumably based on the primary prod- 
ucts) consists of the aforementioned gasoline, which 
can be leaded to 80 ASTM octane number by the 
addition of one cubic centimeter of tetraethyl lead. 

It is possible that the recent rumor*** concerning a 
$40,000,000 Synthine plant to be built by “a large 
construction company” may refer to a projected 
Kellogg plant. Oxygenated hydrocarbons are an 
admitted (but controllable) “Synthol” process by- 
product, and it is said that this large plant would 
also produce “anhydrous alcohols.” 

Kellogg has long been interested in and engaged 
in research on the Synthine (or “Synthol,” if you 
will) process, so that it is entirely likely that it will 
construct one or more plants in the next few years. 


Standard Oil Company (New Jersey) 

The exact position of Standard Oil Company (New 
Jersey) in the Synthine field is not very clear. As 
mentioned, this company made “material develop- 
ment and engineering contributions” to the Hydro- 
col Process, and it is known to have extensive pat- 
ent interests in this field, many of these acquired 
from the I. G. Farbenindustrie A.-G. and presum- 
ably to be returned to Jersey Standard by the Alien 
Property Custodian in accordance with the recent 
decree of a United States District Court. 

Late in 1943, Standard Oil Company of New Jer- 
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sey was granted priorities to construct a Synthine 
pilot plant, which was completed in July, 1945, at 
Baton Rouge, Louisiana.** In view of the com- 
pany’s*extensive research in this field, its many eco- 
nomic releases, and its patent holdings, it is certain 
that more will be heard concerning future activities. 

It is interesting to note, incidentally, that Pitts- 
burgh Consolidation Coal Company is reported*® to 
be “planning to join Standard Oil Development Com- 
pany in the inauguration of a major, privately- 
financed research program to investigate the carbon- 
ization and complete gasification of coal.” It is said 
that Standard will contribute its petroleum “know- 
how” and that Pittsburgh Consolidation will broaden 
its research activities at its plant in Pennsylvania. 

Mergers similar to this will be viewed with inter- 
est, since they indicate cooperation instead of com- 
petition as regards the production of synthetic fuels 
from coal. The petroleum industry possesses a valu- 
able back-log of refining knowledge, process patent 
rights, and—most essential—marketing experience in 
and retail outlets for the sale of “petroleum” prod- 
ucts, so that cooperation from the coal industry, 
which possesses the ultimate raw material for Syn- 
thine operations, is a logical step, whether or not 
it will be uniformly followed. 


Standard Oil Company (Indiana) 


One of the few indications of direct activity in this 
field by the Standard Oil Company (Indiana), other 
than the several related patents which have issued to 
it, is the statement in its 1944 annual report that, 
“while the company has no fear of the early exhaus- 
tion of crude supplies, it is already at work on meth- 
ods for the possible future production of motor fuels 
from natural gas and coal.” 

Robert E. Wilson, chairman of the board of Stand- 
ard Oil Company (Indiana), has been the author of 
a number of papers*® on this and related petroleum 
substitute topics, and it was recently revealed that 
his company ?s considering “the adaptation to Stand- 
ard’s Whiting (Indiana) plant of the German ‘OXO’ 
technique for making higher-boiling alcohols used 
in many industrial processes.”*** 

It must be remembered, also, that Standard Oil 
Company (Indiana) is the parent company of Stano- 
lind Oil & Gas Company, so that the latter’s pro- 
jected plant may be interpreted as more than an 
academic interest on the part of the mother company. 


The Texas Company 

Prior to its assumption of the leading role in the 
projected Brownsville, Texas, plant of Carthage Hy- 
drocol, Inc., The Texas Company is known to have 
constructed a Synthine pilot plant at its Los Angeles, 
California, refinery, at an estimated cost of $880,- 
827°** ; a latter report®**® stated that the company ex- 
pected to finish its pilot plant “near Wilmington, 
California,” about October 1, 1945. This pilot plant 
may also be the pilot plant “at Montebello, Califor- 
nia,” which “has shown that the (Hydrocol) reac- 
tion goes smoothly and controllably.”***4 


Champlin Refining Company 

While nothing further has been published about 
it since 1944, it was reported in September of that 
year that Fred C. Koch, a consulting engineer, had 
leased 100,000 acres of land in the Hugoton field 
(Kansas and Oklahoma) in anticipation of erecting 
a Synthine plant to use natural gas as raw material. 
Champlin Refining Company had “tentatively agreed 
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to go into the project,” according to this statement.*** 

Later information indicated that Koch felt that 
his plans had been given “a great deal more atten- 
tion than they warrant.” Although he eventually in- 
tends to utilize the leased acreage for a Synthine 
plant, Koch pointed out that much in the way of 
experimental work and financing remained to be 
done before construction could be undertaken. “It 
is definitely a long-range proposition and is nothing 
to get excited about for the present,” he said.* 


Petroleum Hydrocarbons, Inc. 

A $12,000,000 Synthine project (half to be pri- 
vately financed) was reported*** pending before the 
Reconstruction Finance Corporation in October, 1944. 
The proposal was made by Petroleum Hydrocarbons, 
Inc., which planned to use natural gas from the 
Hugoton field of Kansas. No further identification 
of the principals of Petroleum Hydrocarbons, Inc., 
has appeared in the literature, nor has anything fur- 
ther been written about this project. 


Government Research 

The Government of the United States is vitally 
interested in the availability of future supplies of 
petroleum, and it was for this reason that Congress 
passed, in 1944, a bill authorizing the expenditure of 
$30,000,000 over a five-year period for research on 
synthetic liquid fuels—on coal hydrogenation, shale 
oil production, the Synthine process, and the manu- 
facture of oxygenated hydrocarbon fuels from agri- 
cultural waste materials. 

Surprisingly few concrete details on the work of 
the Bureau of Mines (the agency assigned to con- 
duct this research) have so far been published, but 
this is perhaps to be expected, since the first few 
years have been devoted to plant desigh and con- 
struction and to planning. 

In a speech given in September, 1944, before the 
American Chemical Society, H. H. Storch revealed 
that the Bureau planned to use $2,500,000 out of the 
$5,000,000 allotted to it by Congress for the first year 
of the project for the erection of a research and de- 
velopment laboratory at Bruceton, Pennsylvania 
(near Pittsburgh), for process development on the 
Synthine and coal hydrogenation processes. 

Later in the year, the Bureau established an Of- 
fice of Synthetic Liquid Fuels, headed by W. C. 
Schroeder, to function as part of the Bureau’s Fuels 
and Explosives Branch. Three of the new office’s di- 
visions are concerned in some manner with the Syn- 
thine process: Research and Development, headed 
by H. H. Storch; Synthesis Gas Production, headed 
by W. W. Odell; and Gas Synthesis Demonstration 
plant, whose chief was not announced ai that time. 

In its request to Congress for funds for 1945-46, 
the Interior Department revealed that a Synthine 
pilot plant of 10 barrels per day gasoline capacity 
was planned for completion at Bruceton by the fall 
of 1945 and that, after this plant had served its pur 
pose, a 200-barrels- per- day plant would be com 
structed. 

This latter plant, presumably, involved the com- 
version of equipment at the Missourj Ordnance 
Works at Louisiana, Missouri, a plant controlled by 
the Army Ordnance Department and built during the 
war, at a cost of $17,000,000-$19,000,000, for the sy® 
thesis of ammonia from natural gas. A coal hydro 
genation unit was to be constructed’ first at this 
plant, incidentally. 

It appears, however, that the War Departmen! 
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has ordered this plant to be returned to the produc- 
tion of ammonia for the duration of the world food 
emergency. It was conceded that this step would 
delay the Bureau of Mines’ project, but design work 
will continue, as will “certain. construction activ- 
ity”; part of the plant may be available. 

In the fall of 1945, the establishment of a new 
laboratory and research unit on the campus of West 
Virginia University, at Morgantown, West Virginia, 
was announced*™* asa cooperative project between 
the Bureau of Mines and the university, in which 
the bureau would initiate a research program involv- 
ing about $100,000 per year. The university “will 
conduct experiments in the production of gases re- 
quired in the manufacture of synthetic liquid fuels 
from coal.” 

Early this year, the bureau signed a contract with 
the Girdler Corporation to construct a $249,000 plant 
to produce 110,000 cubic feet of hydrogen and 120,000 
cubic feet of synthesis gas daily, the plant to be 
erected at the bureau’s Bruceton, Pennsylvania, syn- 
thetic liquid fuels laboratory. 

Table 9 shows the budgeted expenditures of the 
Bureau of Mines for synthetic liquid fuels as they 
appeared in the Federal Budget submitted to Con- 
gress, early this year, for the fiscal year 1947-48. 

The Bureau of Mines has been more than actively 
interested in experiments on the campus of the Uni- 
versity of North Dakota, at Grank Forks, on the 
gasification of lignite to produce either a hydrogen- 
rich gas for iron ore reduction or a synthesis gas for 
such operations as the Synthine process. As previ- 
ously mentio 7, lignite is very inexpensive, “costing 
not more thau $1.25 a ton at the mine,*** so that 
such gas might be made very cheaply. 

“Yields of 33,000 cubic feet of 300-B.t.u. gas per 
ton have been attained (in a satisfactory initial run). 
Ratios of hydrogen to carbon monoxide can be varied 
from 1.2 to 12. Higher ratios are obtained at lower 
temperatures.”** 

It was reported last year**® that the commercial- 


TABLE 9°" 
Budgeted Expenditures of Bureau of Mines for Work on 
Synthetic Liquid Fuels* 














Estimate Estimate Actual “| Accuma- 
PROJECT 1947 1946 1945 lated Total 
Hydrogenation and Gas Synthesis, ; 
Research and Development. .... $2,111,300 | $2,776,069 | $1,571,969 | $6,450,338 
Hydrogenation Demonstration 
REPT a re 2,115,495 2,696,660 | .......... 4,812,156 
Synthesis 
h on Gas Production... . . 183,780 172,000 36,810 392,590 
ann MDL. 6 ia bh wae 1,198,690 ef Beer 2,883,790 
1 aie: 
Research and Development. .... 256,090 224,680 585,000 1,065,770 
Rate attest, ooh 258,510 348,760 32,355 639,625 
Demonstration Plant.......... 876,135 1,090,130 370,467 2,336,732 
Total Obligations........| $7,000,000 | $8,993,399 | $2,596,601 | .......... 
Transferred to Dept. of Agriculturet| ........ rs. EE Sq 410,000 410,000 
1945 Balance Available in 1946....| .......... —1,993,399 cy eds 
Total Estimate or Appropriation | $7,000,000 | $7,000,000 | $5,000,000 | $19,000,000 

















* As contained in the Federal Budget for the fiscal year 1947. 
t For work on the production of synthetic liquid fuels from agricultural and forestry 
products, as provided in the Synthetic Liquid Fuels Act. 


sized Parry retort at Grand Forks cost $125,000 and 
has a capacity of 400,000 cubic feet of gas per day; 
this type of retort was initially developed by the 
Bureau of Mines. at Golden, Colorado. “It can pro- 
duce a gas which is raw material for conversion to 
liquid fuels through the Synthine process, with a 
yield as high as 50 gallons (1.19 barrels) from a ton 
of sub-bituminous coal, besides naphtha, kerosine, 
and other by-products.” In this plant, the lignite is 
fed from a hopper into the 60-foot retort, giving up 
its moisture and thus “self-steaming” itself. As the 
lignite then passes further down the annular cham- 
ber inside the reaction tube, it is mixed with super- 
heated steam (at 1000-2000° F.) entering from a 
recuperator adjacent to the retort shell, and thus is 
further gasified. 

Last spring, the Bureau of Mines named a tech- 
nical industry advisory committee to serve as a con- 
sultant to and receiver of information from its syn- 
thetic liquid fuels research program. Committee 
members include: Eugene Ayres, chief chemist, Gulf 
Research & Development Company; H. W. Field, 


TABLE 10 
Number and Type of United States Patents on the Synthine Process or Related Syntheses 
Possessed by Companies Holding at Least Five Such Patents* 








SUBJECT COVERED BY UNITED STATES PATENTS 
































Preparation of Synthesis Gas | Catalytic Synthesis Catalysts Apparatus 
: For Catalytic 
| For Synthesis Gas Synthesis 
From | 
Hydro- | For For For By 
\carbonsand | To Synthesis | .Hydro- | Oxygenated| Methane- By To To 
Steam, From | Purifica- [To Hydro-|Oxygenated Gas carbon |Compounds| Steam | Water-Gas| Hydro- |Oxygenated| 
COMPANY Etc. Water-Gas| tion | carbons |Compounds|Production | Production| Production| Reaction | Reaction | carbons |Compounds|} TOTAL 
American Lurgi Corporation. . : ; 5 B 5 
Atmospheric Nitrogen Company 5 ‘i | i . ia 5 
Badische Anilin & Soda Fabrik 1 1 | : 2 4 8 
Celanese Corporation of America| | ~ 1 1 2 3 2 9 
Columbia Engineering and } 

Management Corporation... 5 ; ea ge 5 
Combustion Utilities Corporation| | 6 nd Fi 6 
Commercial Solvents Corporation | 2 1 4 9 pe 16 
E. I. du Pont de Nemours & Co.> 17 5 | 2 12 1 a i 46 
Hydrocarbon Synthesis Corp.. . , | 15 : 4 ae 5 24 
I. G. Farbenindustrie A.-G..... 14 11 16 14 16 1 2 2 76 
The M. W. Kellogg Company. . 6 ; 4 s 2 1 1 a 14 

oppers Company... : 5 17 6 2 s 7 . 37 
Phillips Fetesouns Company. j 5 . ; ‘ 5 
The Selden Company... .. 1 4 1 2 % 8 
Shell Development Company°.. . | 4 } P 1 ry a 2 is 7 
Solvay Process Company4. .... . | 3 5 1 1 11 - 21 
Standard Oil Co. (New Jersey). . | 25 es 3 23 1 Ss 3 1 1 - 64 
Standard Oil Company (Indiana) - : 4 es és e os 6 
Universal Oil Products Company} | : 3 2 1 ie 6 

estern Gas Construction Co... | 3 - oe i ‘ ia 4 Et : 7 
Other Companies... . . | 20 20 21 25 6 1 4 1 2 21 , 1 122 
Individuals... ..... rl 38 50 16 29 16 ¢: 6 3 1 48 2 ef 219 

Grand Total. ...... a | 131 75 | 130 64 10 32 24 5 91 6 F 3 716 
| 





























* As of January 1, 1945. 
4 Including patents 


Company, and Standard Oil Development Company. 
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> Including patents granted to subsidiaries and absorbed companies. 
nted to Semet-Solvay Engineering Company, also an Allied Chemical subsidiary. 








¢ Including patents granted to N. V. de Bataafsche Petroleum Maatschappij. 
¢ Including patents granted to Standard Catalytic Company, Standard-I. G. 
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assistant manager, research and development de- 
partment, The Atlantic Refining Company; Louis 
S. Kassel, research engineer, Universal Oil Products 
Company; P. C. Keith, president, Hydrocarbon Re- 
search, Inc.; L. C. Kemp, Jr., director of research, 
The Texas Company; E. V. Murphree, vice presi- 
dent in charge of research, Standard Oil Develop- 
ment Company; J. K. Roberts, research director, 
Standard Oil Company (Indiana), and H. Rubin, 
The M. W. Kellogg Company. Also on the commit- 
tee are George Creel, research engineer, Pittsburgh 
Consolidation Coal Company; Fred Denig, research 
director, Koppers Company; and Harold J. Rose, 
research director, Bituminous Coal Research, Inc. 

The research program of the Bureau of Mines is 
undoubtedly the most comprehensive study being 
made at present on the Synthine process. Rightly, 
its efforts are concentrated on the use of coal as the 
process material; the bureau is said to feel that 
natural-gas phases are being adequately studied by 
the petroleum industry and that coal, in any case, 
is the ultimate raw material for large-scale use. While 
certain individuals have derided the term “demon- 
stration program,” much used by the bureau in its 
testimony to Congress before the inception of the 
present program, there is little doubt that valuable 
process and economic data will result from this 
program. 

The bureau had conducted preliminary research 
on the Synthine process for a number of years before 
the present program, and it is not likely that this 
work will terminate at the end of the five-year period. 
Government research does not always have the ob- 
jective approach of industrial research, but it can 
often render invaluable service. 

The Navy, incidentally, is very interested in high- 
quality Synthine diesel fuels to power its multiplicity 
of diesel-engined boats. It is not unlikely, also, that 
both armed services will inquire into the utility of 
Synthine distillates for jet-propelled and gas-turbine 
planes. Cooperation between government and in- 
dustry in the Synthine research field is likely to yield 
results of value to all. 

Other Organizations 

It recently has been reported** that a Calgary 
(Canada) oil company is planning to erect a $100,000 
Synthine pilot plant, capable of handling 2,000,000 
cubic feet of na.ural gas per day and of producing 
five gallons of gasoline per 1000 cubic feet (a very 
high yield, if true). 

Many other petroleum companies are engaged in 
research on the Synthine process but have as yet 
made little mention of their findings. Certain coal 
companies are also active in this field, and Table 10, 
prepared in early 1945, gives a qualitative picture 
of interest as it is measured by patent ownership. 

The Office of the Alien Property Custodian repre- 
sents an indeterminate factor in this field. At one 
time, it claimed about 200 patents—nearly a third of 
all that had been issued at the time—but a list issued 
early this year contained the numbers of only 20 
patents and 14 patent applications, so that the Fed- 
eral Court-wuling re Standard Oil Company (New Jer- 
sey) has vitally affected its position as a nonexclu- 
sive licensor of important Synthine patents. Never- 
theless, many of its patents are of considerable sig- 
nificance. 

Countless other organizations are interested in 
this field. The Institute of Gas Technology, for ex- 
ample, is engaged in a search for active, sulfur-resis- 
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tant catalysts suitable for the production of specific 
products (the study attacks these desirable features 
separately, as well), with the intent of producing gas- 
enrichment hydrocarbons, possibly in standby or sea- 
sonably-idle water gas facilities. Bituminous Coal 
Research, Inc., announced in 1944 that its $2,500,000, 
five-year research program on the utilization of coal 
_would include a study of direct gasification. 


All of this activity—technical and economic—is in- 
dicative of the present and potential importance of 
the Synthine process. 

This article has aot dealt at all with the economics 
of Synthine - intermediate - derived lubricants and 
chemicals, since it is obvious that Synthine gasoline 
is of chief immediate concern, but the data in the 
third article of this series are testimony to the fact 
that “OXO” alcohols, by-product oxygenated hy- 
drocarbons, and possibly a few detergents and syn- 
thetic fatty acids are likely to appear on the domestic 
scene with the advent of full-scale operations (or 
even before this). 

Variations of the Synthine process can produce 
practically all of the “quality” 
in fact, P. C. Keith has pointed out that 1 barrel of 
synthetic crude is the equivalent of 1.4 barrels of 
crude petroleum in terms of recoverable products.** 

Assuming—as seems likely upon sober analysis— 
that nuclear energy will not materially affect the de- 
mand for ‘ 
dictable future, whatever it may do to markets for 
coal and heavy fuel oils—it seems likely that the 
Synthine process will continue of great interest to 
the petroleum industry and will come into wide use 
if and/or when the domestic supply of crude petro- 
leum fails to meet demands or becomes sufficiently 
high in cost to make such use definitely economic. 
National security is another factor to be considered. 

This series has by no means exhausted the litera- 
ture on the Synthine process, as Table 10 attests in 
regard to patents alone. Nevertheless, it has indi- 
cated that the petroleum industry—and other inter- 
industries—has available a vast storehouse 
of information upon which to base its future research 
and operations. The success of these endeavors seems 
assured, 
genius of a nation whose armies, in war, are better 
equipped than those of any other country, and whose 
citizens, in peace, have been provided with—have 
provided for themselves—the highest standard of 
living in the world. 
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Commercial TCC Operations on 


Partially Vaporized Charge Stocks 


H. D. NOLL, A. W. HOGE and D. M. LUNTZ 
Houdry Process Corporation 


‘Tee catalytic section of the Paulsboro TCC unit 
is composed of a 16-foot inside diameter solid-bed 
reactor and a 10-zone, 10-foot square, solid-bed kiln 
with a nominal catalyst circulation rate of 100 tons 
per hour. The plant was placed in operation in 1944 
and until the end of the war was utilized chiefly 
for retreating first-pass Houdry motor gasoline to 
high-quality aviation base stock at charging rates in 
the neighborhood of 10,000 barrels per stream day. 
Immediately following the war, the unit was op- 
erated without any design changes on gas-oil crack- 
ing for motor-gasoline production. Modifications 
were made early in 1946 and since that time various 
vaporized and partially vaporized charging stocks 
have been processed with concurrent flow of catalyst 
and oil through the reactor. All of these operations 
have been conducted on synthetic bead catalyst. 

For the concurrent operations discussed in this 
paper, the reactor was revamped as indicated on 
Figure 1. Briefly, (1) the external oil piping was 
reversed so that fresh vaporized charge entered the 
reactor at the previous oil outlet nozzle and synthetic 
crude vapors left the reactor via the previous oil 
inlet nozzle; (2) a vapor-catalyst-disengaging device 
was installed in the lower section of the reactor 
utilizing part of the previous vapor-distributing de- 
vice to support the disengager; (3) the catalyst- 
distributing system in the top of the reactor was 
revised to the extent that a portion of the catalyst 
(approximately 80 tons per hour) was introduced 
through a central feed pipe and over a conical de- 
flector from which it fell in an annular curtain to the 
catalyst bed while the remainder of the catalyst was 
fed into a single peripheral row of feed pipes in the 
conventional manner; and (4) the reactor was 
equipped with a fog nozzle for injecting non-vapor- 
ized charging stocks. No other changes in design of 
the catalytic equipment were required. The existing 
spent catalyst urging system was completely satis- 
factory and no vapor distributing device was re- 
quired in the top of the reactor. 

The design and operation of concurrent-flow dis- 
engaging devices will be discussed in more detail 
later. At this point it will suffice to state that their 
primary function is to accomplish the disengagement 
of the total normal stream of synthetic crude vapors 
trom a solid bed of catalyst without carrying catalyst 
particles out of the reactor. In the Paulsboro unit the 
disengager consists of three tiers of collecting chan- 
nels spaced uniformly along a large number of 
vertical vapor pipes as shown in Figure 1. The vapor 
Pipes have orifice openings under each channel for 
collecting a portion of the synthetic crude vapors at 
each level. Thus, vapors flowing down through the 
reactor bed pass up and under the channels into the 
Ports of the vapor downcomers to a vapor outlet 
chamber bounded on the top by a disengager tube 


a 


Simpson, Eastwood, and Shimp, “Liquid Charge Technique in TCC 
Processing,” Oil and Gas Journal 44 (29), 119-129 (1945). 
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Tue Paulsboro, New Jersey, commercial TCC installation 
of the Socony-Vacuum Oil Company has operated in a com- 

_ pletely satisfactory manner since March, 1946, with concurrent 
flow of catalyst and oil through the reactor charging both 
vaporized and partially vaporized stocks. During this period 
the vapor-catalyst disengager (which is necessary for concur- 
rent flow) functioned efficiently, steam purging of the spent 
catalyst was accomplished more easily than on countercurrent 
flow, and distribution of the liquid and vapor charge through 
the reactor bed was uniform. 

The commercial TCC units built during the war were de- 
signed for the production of aviation gasoline employing 
countercurrent flow of oil vapors and catalyst through the 
reactor. The production of maximum aviation gasoline dictated 
the use of light gas-oil charge stocks, which were well adapted 
to this type of design. Now, however, for postwar production of 
motor gasoline, economics favor the use of a heavier charge 
because of (1) the increased demand for virgin distillate fuels 
and (2) the differential charge stock value. 

In anticipation of the demand which would be made of TCC 
units for cracking high-boiling and partially vaporized oils, a 
laboratory program was undertaken several years ago to de- 
velop a liquid injection or mixed-phase technique for process- 
ing such stocks. Some of the results of this investigation were 
presented in a paper by Simpson, Eastwood and Shimp.’ Their 
work established the soundness of this technique as far as the 
catalytic reactions are concerned, when operating at the rela- . 
tively low catalyst/oil ratios employed in TCC cracking, There 
remained, however, the solution of certain mechanical design 
problems in connection with commercial reactors before mixed- 
phase operations could become a reality in the refinery. Prin- 
cipally, it was necessary to have concurrent instead of counter- 
current flow of oil vapors and catalyst through the reactor, 
and concurrent flow involves the use of an especially designed 
catalyst-and-vapor-disengaging device in the lower section of 
the reactor. Accordingly, the necessary changes were made to 
the reactor of the Paulsboro TCC unit early in 1946 and 
cracking operations were begun soon thereafter. This paper, 
which was read before National Petroleum Association, At- 
lantic City, New Jersey, September 18-20, 1946, presents the 
result of some of these commercial concurrent flow operations. 











sheet and on the bottom by a level of catalyst on the 
first catalyst draw-off plate of the reactor. The vapor 
stream then flows from this chamber to the synthetic 
crude tower. Catalyst, also flowing down through the 
reactor, passes between the channels of the disen- 
gaging device to a disengager tube sheet from which 
it is conducted through catalyst-downcomer pipes to 
the first draw-off plate of the reactor. Steam purging 
of spent catalyst is conducted in the same manner as 
for counter-current operations, i.e., purge steam is 
admitted to the reactor below the first draw-off plate 
and passes countercurrently up through the catalyst. 


On the light gas-oil operations the charging stock 
was completely vaporized in the primary furnace, the 
vaporized effluent from this heater being transmitted 
directly to the reactor or superheated in a secondary 
heater, if desired, to a predetermined reactor inlet 
temperature. On the mixed-phase operations a tar 
separator was utilized to prepare the liquid and vapor 
charge streams. In the latter type of operation the 
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TCC Reactor as used in mixed-phase c 


partially vaporized effluent from the primary furnace 
was flashed in a conventional tar separator, the over- 
head vapor stream going to the secondary vapor 
heater and thence to the reactor via the vapor inlet 
nozzle. The tar separator bottoms liquid stream was 
then pumped to the reactor and distributed over the 
catalyst hed by means of the fog nozzle. 

The internal catalyst-feed system in the reactor 
was revamped as follows: Of the existing catalyst 
feed legs only the outer row of pipes was utilized 


FIGURE 1 


oncurrent flow, at Paulsboro, New Jersey 


and these were angled slightly to deliver catalyst as 
close as practicable to the reactor wall. The re- 
mainder of the feed legs were replaced by a single, 
central inlet pipe equipped with a calibrated orifice 
so that catalyst flowed to the reactor bed at a fixed 
rate through this central pipe. (In the case of the 
mixed phase test reported in this paper the rate 
through the central pipe was set at about 80 tons per 
hour.) As illustrated in Figure 1 catalyst issuing 
from the orifice passed over an inverted metal cone, 
























SUMMARY OF RESULTS OF 


Process Advantages 

1. Mixed phase, concurrent TCC cracking is a prac- 
tical operation by which partially vaporized oils may 
be processed efficiently. 

2. Concurrent flow results in better utilization of the 
heat-content of the inlet catalyst and oil streams. Be- 
cause all of the heat in the inlet catalyst stream con- 
tributes to the reactor bed temperatures, the tempera- 
ture slope in a concurrent reactor more nearly ap- 
proaches the ideal iso-thermal pattern. In a counter- 
current reactor the heat-content of the catalyst stream 
represented by the differential between catalyst inlet 
and reactor bed temperature is lost to the effluent 
vapors. 

3. Better heat utilization in concurrent-flow reactors 
is also reflected in higher average reactor temperatures 
for given oil- and catalyst-inlet temperatures. The 
difference in favor of concurrent operation is about 
50° F. for catalyst- and oil-inlet temperatures of 1000° 
F. and 900° F., respectively, and for catalyst/oil 
ratios in the neighborhood of 2:1. 

4. The higher average reactor temperature for con- 
current flow results in higher-actone-number gasolines, 











PAULSBORO OPERATIONS 


the advantage for concurrent flow being one to two 
numbers CFR-M and two to three numbers CFR-R. 
For equivalent average reactor temperatures there is 
no appreciable difference in yields or product quality 
between concurrent and countercurrent operations. 


Mechanical Efficiency 


1. Carry-over of catalyst fines to the synthetic crude 
tower is negligible. 

2. The vapor-catalyst disengager operates in a com- 
pletely satisfactory manner at reactor throughputs 
equivalent to 100 barrels per day of hydrocarbon 
charge per square foot of reactor cross-section. 

3. During the mixed-phase operation, analyses of 
spent catalyst samples taken across the first reactor 
catalyst draw-off plate showed uniform coke lay-down. 

This indicates that all of the catalyst was functioning 
with equal effectiveness. 

4. The pressure drop across the reactor and disen- 
gager is such that reactor seal legs in existing counter- 
current TCC units are adequate for concurrent opera- 
tions. 

5. There was no abnormal break-up of catalyst in 
the concurrent operations. 
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through the annular*passage formed by the base of 
the cone and the cylindrical metal shield, and flowed 
to the bed as a freely falling curtain of catalyst. With 
the fog nozzle installed in the interior of this annular 
curtain and projecting outward an atomized oil 
spray, the liquid charge absorbed heat from this por- 
tion of the catalyst stream prior to entering the 
reactor bed. 

With about 80 tons per hour of catalyst entering 
the reactor through the central pipe, the balance of 
the total catalyst stream, some 30 tons per hour, 
entered through the peripheral feed legs. The flow 
capacity of the outer feed pipes was considerably 
above 100 tons per hour so that it would have been 
possible to stop the flow through the central pipe 
entirely without interfering with catalyst circulation. 
As is evident, the outer pipes also served to establish 
the level of catalyst in the reactor at a predetermined 
height of 11 feet of active bed. . 


Commercial Vapor Phase Operations 


Table 1 is a summary of the data for two test 
periods on vapor phase operation. The flow employed 
was as shown by Figure 2, except that no liquid 
charge was used in the vapor phase tests. 

The fresh-oil charge, together with a recycle 
stream from the synthetic-crude tower, was vapor- 
ized in the primary furnace, superheated in a second 
heater to the desired temperature and then charged 
to the reactor. A small amount of the light distillate 
fuel side stream from the fractionator was supplied 
to the tar separator from which it passed overhead 
to become a portion of the reactor vaporized charge. 
Oil vapors, after passing through the reactor, flowed 
to the synthetic-crude tower where gasoline and gas 
were taken overhead. As mentioned above, part of 
the light distillate fuel was returned to the reactor 
via the tar separator while the remainder was taken 
as product. On completion of a test period, samples 
of all charge and product streams were collected and 
tested (and in some cases rerun) in the laboratory 
for determination of the final yields. 

The high liquid recoveries realized from both tests 
shown in Table 1 are characteristic of TCC cracking. 
For these runs, with conversions of 67-68 percent, 
the recoveries of C, and heavier material were 
99-100 percent. 

Concurrent flow results in better heat utilization 
than countercurrent flow. This arises from the fact 
that all of the heat content of the inlet catalyst 
stream contributes to the concurrent reactor bed 
temperature whereas in a countercurrent reactor 
essentially all of the differentia! heat in the catalyst 
Stream above the average reactor temperature is 
lost to the effluent vapor stream. A comparison of 
reactor temperature patterns for the two types of 
flow shows lower maximum and higher minima tem- 
peratures for concurrent flow with the same average 
temperature in each reactor. Thus, concurrent flow 
provides a much closer approach to the ideal iso- 
thermal temperature pattern. Moreover, for the 
reason that catalyst heat is carried into the re- 
actor, a higher average reactor temperature may be 
achieved at given oil- and catalyst-inlet temperatures 
with concurrent flow. This means that existing coun- 
tercurrent TCC units may be converted to concurrent 
operation with substantial savings in fuel costs if it 
is desired to crack at the same average reactor tem- 
perature. 

The excellent heat utilization for concurrent crack- 
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TABLE 1 
Paulsboro Concurrent Unit, Vapor Phase Operation 











I een Ln, can ts deeb Raed hed leavened A-2 A-3 
pT SS ee re 45 canal Paraffinic Gasoil 
cate ives ni dscncn ws Ete | SERIES | 36.6 Al Beads 35.9 Al Beads 
Fresh Feed—B/D...............- 02000005 ads Peel 9127 7895 
Lt. Dist. Recycle (Tar Sep. Reflux) B/D........ ayy 1120 847 
SR RGERRGPR oie Ca ps ; 5728 4204 
Total Feed—B/D............ a, SS 2 Vee 15975 12946 
Process Steam—tb/Hr................... / ey eas Nil 8800 
Steam—Percent Wt. Total Charge.............. Nil 5.4 
Purge Steam—tb/Hr.................. Roc an wets ces 3030 2405 
Catalyst Rate—Tons/Hr..................00..055: 108 122 
ae Velocity—Total Feed—V/Hr/V... : wi 1.69 1.37 
atalyst/Oil Ratio—V/V............. hove wieadigsioetote 1.22 1,71 
Oil Vapor Inlet Temperature—°F...... . ; ; 866 855 
Oil Vapor Outlet Temperature—‘F.. . Scans ain 842 821 
Catalyst Inlet Temperature—‘F.......... eS or 955 900 
Pressure—(Inlet) psig............ 10.7 10.7 
(Outlet) psig... .. “oe 8.4 : 73 
Carbon Burned—tb/Hr...... : om) 4000 4800 
Conversion—Percent Vol............. ey? ae 67.6 67.1 
Yields on Fresh Feed: 
10tb RVP Gasoline (375 °F. @ 90 Percent Percent Vol.. 55.5 53.5 
C4 Free Gasoline (375 °F. @ 90 Percent) Percent Vol.. 52.7 50.5 
Cycle Stock Percent Vol.. 2.4 32.9 
CsHs Percent Vol.. 3.9 3.9 
1C4 Hio Percent Vol. . 7.6 8.5 
NCsHio Percent Vol.. 3.2 3.0 
Total C4’s Percent Vol.. 14.7 15.4 
Liquid Recovery (C4 & Heavier) Percent Vol.. 99.8 98.8 
Dry Gas Percent Wt. . 6.2 5.8 
Coke Percent Wt.. 3.5 5.3 
Inspections of Fresh Charge: 
ravity—°API....... SPE POPPE Coe PE te ; 34.1 33.8 
Distillation—Vacuum Assay. . : (ASTM) 
a eS : 395 540 
10 Percent........ , ; 511 552 
50 Percent... . j Sid x Sts . : 590 , 612 
90 Percent... .. - ae . 672 701 
i. ae whee ot 714 730 
Aniline Point—°F.............. y : 172 170 
Sulfur—Weight Percent............. ; 0.32 0.29 
Conradson Carbon—Weight Percent........ ~ 0.02 Lien 
Inspections of 10th RVP Gasoline: 
tane Number—CFR-M, clear... vA - 80.0 79.3 
Octane Number—CFR-M, + Ice. Tel. 84.6 83.5 
Octane Number—CFR-M, + 3cc. Tel.. ; ; 87.9 88.2 
Oetane Number—CFR-R, clear......... : 89.9 88.2 
Octane Number—CFR-R, + Ice. Tel.... , : 94.4 92.5 
Octane Number—CFR-R, + 3cc. Tel... ; , 97.1 95.5 
Sulfur—Wt. Percent................ 8 EN 0.017 Rie 
Cu. Dish Gum—Mg/100 cc............... inde 6 4 
O2 Bomb Induction Period—Hrs: Min...... . Sing 19:15 > 20:00 














ing is illustrated by the high conversion attained in 
Test A-2 when operating at only, 1.22 catalyst/oil 
ratio. Such a low catalyst rate is not proposed as 
optimum for TCC cracking but is merely included 
as an illustration of what can be accomplished by 
concurrent flow. 

Analyses of different catalyst samples taken across 
the first reactor catalyst-draw-off plate showed uni- 
form coke laydown, indicating that oil and catalyst 
distribution, as well as purging, were completely 
satisfactory. The purging problem is simpler when 
employing concurrent flow because the material ad- 
sorbed on the catalyst is the highest-boiling fraction 
of cycle stock rather than the highest-boiling fraction 
of fresh charge, and thus has a lower molecular 
weight. 

The carry-over of catalyst fines to the synthetic- 
crude tower was negligible at all times. Since in 
several tests (e.g., A-3) the. flow of hydrocarbon va- 
pors plus steam was equivalent to a flow of hydro- 
carbon vapors alone of approximately 100 barrels per 
day per square foot of reactor’ cross-section, it was 
demonstrated that the vapor-catalyst disengager is 
effective at throughputs at least as great as will be 
encountered in commercial reactors. This means that 
the smallest existing reactors, i.e., 11 feet, 5 inches 
inside diameter, can process the equivalent of 10,000 
barrels per stream day of charge. 

Since the reactor seal leg on the Paulsboro unit is 
similar in design to those installed on previous units 
and since the operation was satisfactory at through- 
puts of 100 barrels per day per square foot of reactor 
cross-section, it was also demonstrated that ‘catalyst 
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TABLE 2 
Paulsboro Concurrent Unit, Mixed Phase Operation 
NS cba. a. . coh iviins whan Sh xe ekbonadeeas sp? B-2 
Type | Stock. ; Sothe eg aeeh ’ Heavy Iowa Gasoil 
Catalyst... os 35.6 A.l. Beads 
Fresh Vapor Feed—B/ 4 acess 7720 
Fresh Liquid Feed—B/ 1840 
Lt. Dist Recycle (Tar Sep Reflux) B/D.. 145 
Total Feed—B/D.... 9705 
Process Steen h/t. Nil 
Process Steam—Percent Wt. Total | Charge Nil. 
Purge Steam—tb/Hr.. 3955 
Catalyst—Tons/Hr.. . . 120 
Space Velocity—Total Feed—V/Hr./ 1.03 
Catalyst/Oil Ratio—V/V...... 2.25 
Oil Vapor Inlet Temperature—"F.... 890 
Oil Liquid Inlet Temperature—°F. 673 
Oil Vapor Outlet Temperature—’F. 819 
Catalyst Inlet Temperature—°F. 967 
Pressure—(Inlet) psig... .... 6.6 
Outlet) psig... . 5.2 
Carbon Burned—tb/Hr. 3800 
Conversion—Percent Vol. 49.9 
Yields on Fresh Feed: 
10% RVP Gasoline—(375 °F. @ 90 Percent) Percent Vol. 45.5 
C4 Free Gasoline—(375 °F. @ 90 Percent) Percent Vol. 42.6 
Cycle Stock Percent Vol. 50.1 
C4Hs Percent Vol. 2.7 
ICsHio Percent Vol. 4.7 
NC4Hio Percent Vol.. 2.0 
Total Ca’s Percent Vol. 9.4 
Liquid Recovery—(C4 and Heavier) Percent Vol. 102.1 
Dry Gas Percent Wt. 3.9 
Coke Percent Wt . 3.0 
Vapor Feed _Liquid Feed 
Inspections of Fresh Charge: 
Gravity—° API j 20.8 
Distillation (Vacuum Assay): 
oy 555 
10 Percent. 659 
50 Percent 864 
90 Percent Crkd 
E.P. saan a. ) 
Aniline Point—°F. 
Sulfur—Wt. Percent 
Conradson Carbon—Wt. Percent 1.0 (Est.) 
Inspections of 10th» RVP Gasoline: 
Octane Number—CFR-M, clear 79.8 
Octane Number—CFR-M, + Icc. Tel. 84.2 
Octane Number—CFR-M, + 3cc. Tel. 87.1 
Octane Number—CFR-R, clear 88.4 
Octane Number—CFR-R, + Icc. Tel. 93.7 
Octane Number—CFR-R, + 3cc. Tel... . 96.2 
Sulfur—Wt. Percent 0.041 
Cc u. Dish Gum— Mg/100 ce. 10 
O2 Bomb Induction Period—Hrs: Min. > 20:00 




















TABLE 3 
Comparison of Once Through Concurrent and Counter-Current 
Operations 
Run Number. . 2053-T 2055-T 2054-T 
Type Charge Stock East Texas Gasoil 
Catalyst ; I. Clay 
Flow Gus Counter- 
current 
Space Velocity—V/Hr./V 0.81 0.82 0.78 
Catalyst/Oil Ratio—V/V 2.05 1.98 2.03 
Oil Inlet Temperature—°F. 900 840 900 
Catalyst Inlet Temperature—°F. 1000 885 1000 
Average Reactor Temperature—*F. 905 850 850 
Steam— -Percent Wt. Fresh Feed 9.7 9.2 10.2 
Pressure—psig 10 10 10 
Carbon Burned—tb/Hr./10,000 B/D Feed 4040 3020 3540 
Conversion—Percent Vol 50.3 45.2 45.5 
Yields—On Fresh Feed: 
10th R.V.P. Gasoline (370 °F. @ 90 Percent)— 
Percent Vol.. 37.9 36.8 36.5 
Cs Free Gasoline (370 °F. @ 90 Percent)— 
' Percent Vol... 35.8 34.8 34.2 
Cycle Stock—Percent Vol. 49.7 54.8 54.5 
CiHs —Percent Vol. 4.9 3.3 4.3 
ICsHio —Percent Vol. 5.8 5.7 4.8 
NCsH.o —Percent Vol. 1.7 1.4 1.2 
Total Cs's —Percent Vol. 12.4 10.4 10.3 
Liquid Recovery: 
C4’s and Heavier)—Percent Vol. 97.9 100.0 99.0 
Dry Gas—Percent Wt. 6.2 4.6 5.0 
Coke Percent Wt. 3.3 2.5 2.9 
Inspections of Fresh Charge: | } 
Gravity—° API Joan 34.6 34.6 34.6 
Distillation (Vacuum Assay: | 
IBP—°F, P 400 400 | 400 
10 Percent... | 483 483 | 483 
50 Percent... 562 562 | 562 
90 Percent | @ 671 | 671 
EP. 7 743 743 743 
Aniline Point—°F. 163 163 163 
Sulfur—Wt. Percent. 0.11 0.11 0.11 
Inspections of 10th RVP Gasoline: 
Octane Number—CFR-M, clear 80.1 78.7 78.7 
Octane Number—CFR-M, + Ice. Tel 84.2 83.4 83.2 
Octane Number—CFR-M, + 3ce. Tel 87.5 87.3 87.1 
Octane Number—CFR-R, clear. . 91.0 88.6 88.5 
Octane Number—CFR-R, + Ice. Tel. 95.1 92.1 92.3 
Octane Number—CFR-R, ™ 3cc. Tel 97.8 95.4 94.4 
—Sulfur—Wt. Wt. Percent....... 0.053 0.057 0.061 
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seal legs in existing units are adequate for concurrent 
operation. 


Commercial Mixed Phase Operations 


Table 2 presents the results of a test period ob- 
tained while charging vapor and liquid simultane- 
ously to the reactor. Figure 2 is a material flow dia- 
gram with quantities of each stream and operating 
conditions indicated. Fresh charge was preheated to 
793° F. and flashed in a tar separator, 81 percent 
going overhead. The tar-separator overhead (in- 
cluding a small amount of light distillate recycle) 
was superheated’ to 890° F. and charged to the re- 
actor at the vapor inlet. The tar-separator bottoms 
were charged to the reactor as a liquid (at 673° F.) 
through the fog nozzle. Reactor effluent vapors were 
processed and final yields determined as described’ 
in connection with the vapor-phase operations. 

The low coke and dry gas yields (3.0 and 3.9 
weight-percent, respectively) from the mixed-phase 
test are noteworthy, especially when it is considered 
that 45.5 percent of 10-pound RVP gasoline was 
made. Also of considerable interest is the 102 percent 
liquid recovery. Pilot-plant runs on stocks which can 
be completely vaporized show no significant differ- 
ence in product distribution or coke laydown be- 
tween mixed-phase and vapor-phase operations. 

During the concurrent mixed-phase tests the car- 
bon concentration on the spent catalyst was rela- 
tively uniform, indicating that all of the catalyst was 
functioning with equal effectiveness. Carbon concen- 
trations varied as follows: 











Sampling Location Distance from Shell Weight Percent on 
(First Catalyst Draw-Off Plate) (On Center Line) Catalyst 
ta aE AER Le ; 6” 3.0 
ae - “| 18” 2.6 
3 30” 24 
Gita cpdewen a 42” 2.3 
Methe. 5 hacaacin 54” 2.4 
FERRE: 66” 2.9 
7 78” 2.5 
8 90” 2.7 











Carryover of catalyst fines to the synthetic crude 
tower was negligible. Throughout the operation with 
mixed-phase feed, purging was accomplished in a 
very satisfactory manner and there was no abnormal 
break-up of catalyst. The pressure drop across the 
catalyst bed and disengager was only 1.4 pounds per 
square inch. 

In view of the results of the mixed-phase tests, it 
is concluded that mixed-phase-concurrent-TCC crack- 
ing is a practical operation by which partially vapor- 
ized oils may be processed efficiently. 


Pilot-Plant Comparison of Concurrent and 
Countercurrent Cracking Results 


Table 3 is a summary of the results of three runs 
made in the laboratory investigation of concurrent 
processing. These particular tests were made to 
evaluate the differences between concurrent and 
countercurrent operations. 

Concurrent flow gives a higher average reactor 
temperature for given oil- and catalyst-inlet tempera- 
tures because of better heat utilization (see Runs 
2053-T and 2054-T). The difference between concur- 
rent and countercurrent operation is about 50° F. for 
catalyst- and oil-inlet temperatures of 1000° F. and 
900° F., respectively, and for catalyst/oil ratios in 
the neighborhood of 2:1. The higher average reactor 
temperature results in higher octane number gaso- 
lines, the advantage for concurrent flow being one 
to two numbers CFR-M and two to three numbers 
CFR-R. However, for a given average reactor tem- 
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perature, there is no appreciable difference in yields 
or product quility between the two methods of proc- 
essing ( ce Kuns 2055-T and 2054-T). 


Comparison of Commercial and Pilot-Plant 
Cracking Results 

Table 4 is a comparison of pilot-plant and commer- 
cial results obtained for concurrent cracking. The 
data show good agreement for the vapor-phase dp- 
erations. However, in the case of the mixed-phase 
charge stock there are somewhat higher yields shown 
for the pilot-plant test. The higher yields in the latter 
test are associated with the higher cracking tempera- 
ture (836° F. oil outlet vs. 819° F.) which may have 
been due to the fact that the oil was charged in one 
stream. instead of in separate liquid and vapor 
streams. 


Mechanical Features of Mixed-Phase Concurrent 
Reactor 


The mechanical changes required for the conver- 
sion of a standard countercurrent reactor to a mixed- 
phase concurrent reactor have been outlined in a 
previous section entitled “Description of Paulsboro 
Unit.” Of the new devices installed, perhaps the two 
most significant are the catalyst-vapor disengager 
and the liquid injection nozzle. The other changes, 
that is, modification of the catalyst-distributing sys- 
tem, reversal of the oil piping, etc., are of relatively 
minor importance. 

The development of the disengager to its present 
form is the result of extensive experimental work and 
reflects a thorough knowledge of the fundamental 
laws governing catalyst and vapor flow. Referring 
to Figure 3, which is an artist’s sketch of a section 
of a typical disengager design wherein the channels 
previously referred to have been replaced by in- 
verted cones or cups, it can be seen that sufficient 
free area of the horizontal cross section of the disen- 
gager must be provided for a normal downward flow 


TABLE 4 
Comparison of Commercial and Pilot Plant TCC Cracking 





Vapor Phase Mixed Phase 








Operations Operations 
Run Number A-2 70-376 B-2 70-735 
TCC Unit Paulsboro | Pilot Plant) Paulsboro | Pilot Plant 
Reactor Charge T.S.O. T.S.O. 98.5 % Hvy. Iowa 
57.2% Ex. A-2 | Hvy. Iowa 4 
Paraffinic G.0. 1.5% 
G.0.428% Recycle 
Recycle 
Catalyst 36.6A.1. | 36.0 A.1. | 35.6A.1. | 36.0 A.I 
Beads Beads Beads Beads 
Space Velocity (Total) —V/Hr./V 1.69 1.62 1.03 1.03 
Catalyst /Oil Ratio V/V 1,22 1.26 2.25 2.17 
Process Steam—Percent Wt. Reactor Charge Nil Nil Nil Nil 
Oil Inlet Temperature—*F. 866 866 (827 (Calc.)| 833 
Oil Outlet Temperature—‘F. 842 834 | 819 | 836 
Catalyst Inlet Temperature—‘F. 955 955 | 967 | 972 
Pressure. psig 9.5 10.0 | 59 | 10.0 


Yields on Reactor Charge: 
10lb RVP Gasoline (375 °F. @ 90 Percent) 


—Percent Vol. 31.7 30.2 44.9 46.4 
C4 Free Gasoline (375 °F. @ 90 Percent 

—Percent Vol. 30.1 28.8 42.0 43.6 
Cycle Stock—Percent Vol. 61.3 61.9 50.8 | 44.6 
CaHs —Percent Vol. 2.2 2.3 2.7 3.1 
ICsHio —Percent Vol. 4.4 5.3 4.6 8.1 
nC4Hio—Percent Vol. 1.8 7 2.0 2.1 

Total C4's—Percent Voi. 8.4 9.3 9.3 13.3 
Liquid Recovery—(Cs and Heavier) 

Percent Vol. 99.8 100.0 1021 | 1015 
Dry Gas—Percent Wt. 5 3.4 3.8 | 5.2 
Coke—Percent Wt. 2.0 1.9 3.0 3.8 
Inspections of 10th RVP Gasoline: . 

FR-M—Clear 80.0 79.6 79.8 | 80.8 

CFR-M + lee. Tel. 84.6 84.0 | 84.2 | 848 
CFR-M +- 3cc. Tel. 87.9 85.8 87.1 87.9 
CFR-R—Clear 89.9 88.8 88.4 90.8 
CFR-R + lec. Tel. 94.4 92.9 | 93.7 95.3 
CFR-R + 3cc. Tel. 97.1 95.2 96.2 | 97.6 

















of catalyst; in the case of the Paulsboro Unit the 
nominal rate is 100 tons per hour. At the same time, 
if all of the vapor were to be removed at the first 
level of outlet ports, vapor velocities would be so 
high at normal charge rates that catalyst particles 
would be carried out of the reactor and into the 
distillation equipment. Thus, it is mecessary to re- 
move vapors from the catalyst bed at successive 











FIGURE 3 


levels of outlet ports so that the vapor flow and 
corresponding pressure gradient at any one level do 
not exceed well established critical values. Obviously, 
as the volume of synthetic-crude vapors increases, 
either by virtue of increased charge rate to the 
reactor or increased depth of cracking of the charge, 
more levels of vapor-outlet ports must be provided. 
Thus, the vapor-catalyst disengaging device is de- 
signed for the maximum catalyst circulation rate as 
well as the maximum effluent vapor flow rate to be 
expected on a given TCC installation. 

Figure .4 is a photograph of a model disengager 
device in operation. This view shows very clearly 
the configuration assumed by the catalyst as it 
flows through a disengager section and also illus- 
trates that at the point of vapor disengagement vapor 
and catalyst are actually flowing countercurrently. 
Hence, the limiting flow and pressure-drop relation- 
ships involved at each of these off-take points are in 
reality established by countercurrent-flow laws. An- 
other interesting observation made in the develop- 
ment of the disengager was the fact that not only 
the disengaging area (the horizontal cross sectional 
area included beneath the disengaging cups), but 
also the disengaging periphery are significant factors 
in the operation of the device. In other words, exclu- 
sive of such factors as ease of fabrication and struc- 
tural strength, the optimum disengager design pro 
vides for a maximum disengaging area and also 4 
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maximum cup or channel perimeter bounding that 
area. 

The vertical spacing of disengaging levels is deter- 
mined by the height required for uniform catalyst 
flow. Also, it has been found that staggering the 
draw-off ports on successive rows of vertical vapor 
tubes greatly improves the catalyst flow. Actual ob- 
servation of a model disengager incorporating all of 
the special design features enumerated above has 
indicated that catalyst flow downward is absolutely 
uniform; there are no stagnant areas or pockets of 
catalyst which do not flow out of the reactor with the 
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FIGURE 4 
Model disengager device in operation. 





; 


bulk of the catalyst, and there is no carryover of 
catalyst particles into the effluent vapor stream. 
Having flowed past the primary disengaging zone, 
catalyst is conducted via catalyst downpipes to the 
main vapor outlet chamber of the reactor, through 
the purge zone, and thence out of the reactor by 
Way of the conventional draw-off system. Vapors 
collected in the tubes in the primary disengaging 
Zone are conducted also to the main vapor outlet 
chamber where final disengagement of any vapor 
still associated with the catalyst stream occurs. The 
purge steam introduced in the normal manner below 
the first catalyst draw-off plate of the reactor is 
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collected in the reactor vapor outlet chamber and 
flows with the synthetic crude vapors to the distilla- 
tion section. The commercial runs on non-vaporized 
stocks at the Paulsboro unit were made with a cata- 
lyst ‘residence time in the so-called purge zone only 
65 percent as great as normally provided on vapor- 
phase operations without any difficulty in purging 
whatsoever and at the same rate of injection of 
purge steam. 

The pressure atomizing nozzle used for the injec- 
tion of the non-vaporizable portion of the charging 
stock was located approximately as illustrated in 
Figure 1. This nozzle was a conventional pressure 
atomizing nozzle with a 90° impingement of paired 
liquid streams. It was designed to project a fog of 
atomized liquid charge onto the falling annular cur- 
tain of catalyst. As previously stated, the heat con- 
tent of the central catalyst-inlet stream was used in 
this way to heat the liquid charge before entering 
the reactor bed proper. The actual elevation of the 
fog nozzle above the top level of the bed was ap- 
proximately 6 feet. It is obvious, however, that the 
precise elevation of the fog nozzle is a function of 
the particular design of nozzle employed, in all cases 
the aim being to have the atomized liquid impinge 
upon the annular curtain of catalyst at a point 
slightly above the level of the catalyst bed. 

The fog nozzle employed on the Paulsboro unit 
had a capacity of 75 gallons per minute hot volume 
and operated at pressures in the neighborhood of 
100 psig. It was inserted through a nozzle on the 
side of the reactor and, by means of a stuffing gland 
arrangement could be removed for inspection or for 
changing to straight vapor-phase operation without 
shutting down the reactor. 


Future Developments 

It should be mentioned that in revamping the 
Paulsboro unit to conduct the concurrent operations, 
it was found that the job was simpler if the present 
tar separator were left in the feed circuit. However, a 
tar separator is not essential as the heavy-oil feed 
may be charged in a mixed phase, thus eliminating 
the necessity for such a tower unless the stock con- 
tains asphalt or inorganic salts. 

At the present time, the Paulsboro unit is operat- 
ing with mixed-phase feed introduced as one stream 
through a spray nozzle in the top section of the 
reactor. Typical yields realized from such operations 
are given below and compared with those obtained 
from a pilot plant test made under similar conditions: 








UNIT PAULSBORO | PILOT PLANT 





33 Percent Deasphalted Heavy Gasoil (1000 °F.@.50%) 


Charge Stock (Paraffinic Type) 67 Percent Light Gasoil (731 °F. End Point) 





Yields: 
C4 Free Gasoline—Percent Vol.... 4 
Cycle Stock—Percent Vol........ 4 
Coke—Percent Wt.............. 





39.5 
48.1 
5.5 





2.8 
7.5 
3.8 | 

| 





It is interesting to note that the gasoline yield was 
higher and coke yield lower for the large-scale opera- 
tion. The Paulsboro unit has been running for several 
weeks: with mixed-phase feed introduced as one 
stream and all results have been entirely satisfactory. 

In view of the favorable results obtained from the 
Paulsboro unit, the decision has already been made 
to convert a considerable number of commercial 
reactors to concurrent flow. The cost of this conver- 
sion is exceedingly small, being only about one per- 
cent of the initial investment for the plant. 
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worry — HOW TO DO TT sutenne 





Exhaust Steam Operates 


Turbine Efficiently 
Ay EXCESS of low-pressure ex- 


haust steam has been efficiently utilized 
at the El Dorado, Arkansas, refinery of 
Root Petroleum Company. 

As indicated in the flow diagram and 
the photograph, exhaust steam from re- 
ciprocating steam pumps and other re- 
finery sources, at a nominal pressure of 
15 psig is. used in a turbine driver for 
a hot-oil pump charging gasoil to a 
cracking coil. Before the installation of 
this low-pressure turbine a considerable 
volume of exhaust steam was vented to 
atmosphere, but at present only steam 
not required by the turbine is vented, 
through a 15 psig back pressure control 
valve, and the plant is very nearly in 
perfect steam balance. The turbine-pump 


Outside bate Valves 


Have Inside Handles 
Warn E} 


ers are 
and safety 


suction and discharge head- 
located outside the engine room, 
regulations require the con- 
trol stops or gate valves to be placed 
in the open, the engine room operator 
should be at two separate places at one 
time, especially if an engine starts cut- 
ting up or the load increases beyond 
the capacity of the compressors. This 
difficulty has been solved by making up 
extension gate stems, with sockets for 
bolting to the original stems, providing 
side movement by installing universal 
joints and extending the stem into the 
engine room with wheels so the opera- 
tor can watch the performance of the 
engine and prevent it from dying sud- 
denly. 























Insert shows steam system for turbine-driven 
hot-oil pump in woot Fetroicum Companys 
Arkansas refinery. Photograph shows the 
installation. 
combination has a design speed of 3550 
rpm, with turbine horsepower rated 230 
at 11 psig steam-inlet pressure and 26- 
inch vacuum steam outlet pressure. The 
pump is presently handling about 200 
gpm of hot recycle gasoil at 635° F. 
pumping temperature, 60 psig suction 
pressure and 900 psig discharge pres- 
sure, which corresponds to 125 hydraulic 
horsenower. 

Exhaust steam from the 
condensed in a_ barometric 
with cooling water circulated 
atmospheric cooling tower. 


turbine is 
condenser 
over an 


. 


€ 





Distillation Unit Setup 
Saves Change-Over lime 


Bs continuous distillation units, any 
considerable change in ‘eed co:position 


or desired products normally results 
in loss of products to slop aud loss ot 
on-specification-operating-time while the 
unit is adjusted to run at new operat 
ing conditions. If frequent changes in 
operations are required these losses cat 
be a serious cost item and their reduc- 
tion can merit careful attention. 

One company specializing in naphthas 


Inside of engine room (left) shows extension handles for outside valves (right). 
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~ 52° REYERE 


HESE pictures show plant equ.pment in special 

shapes and large ‘sizes, fabricated of Revere 
sheet copper and sheet Herculoy by the Camden 
Copper Works, Camden, N. J. They illustrate the 
amazing versatility of these metals, which skilled 
coppersmiths the country over fabricate into prac- 
tically any desired shapes from the flat. 


Easy workability of course means faster and more 
accurate fabrication of apparatus for your plant. 
It may also mean lower prices from the fabricator, 
or lower labor costs in your own plant if you make 


your own equipment. Whether the final form be 


simple or complicated, the workability of copper 
and its alloys is a tremendous advantage. 


More than this, copper’s high heat conductivity 
May speed up processing, and cut fuel expense. 


Copper resists attack by many substances, and 
thus has a long, sometimes endless life. Often 


ee 
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copper pipes and vessels are replaced only because 
of a change in the plant; then the metal has a high 
reclaim value. 


The Revere Technical Advisory Service will 
gladly cooperate with you in working out applica- 
tions of copper, whether plate, sheet, strip or roll, 
or in other mill forms such as pipe and tube, rod 
and bar, and extruded shapes. Write Revere or see 
your Revere Distributor. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich. 
New Bedford, Mass.; Rome, N. Y. 
Sales Offices in principal cities, distributors everywhere 


\y 6 7 
Lish €/? to Exploring the Unknown on the Mutual Network every Sunday Evening, 9 to 9:30 p.m., EST. 
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Basis of flexible distillation unit operation is 
indicated by flow diagram, micrometer valves 
playing a vital part in the installation. 


for several years has operated distilla- 
tion units with very low loss of on- 
specification-operating time, despite fre- 
quent changes in feed, including a va- 
riety of crudes and naphthas and 
changes in desired products. 

The basis of this efficient operation is 
found on the operating log sheets for 
the distillation units where records are 
carefully made of the settings of key 
control instruments, of the trays used 
for drawing off sidestream products, 
and of the settings of micrometer valves 
which control flow into the sidestream 
stripping towers. When a change in op- 
eration is required, if the unit has pre- 
viously been used on the same operation 
reference is made to the old log sheets 
and the control instruments, tray draw- 
off valves, and micrometer valves are all 
set to the values previously used; when 
the unit reaches the new control points, 
products are checked in the laboratory 
and any necessary final adjustments are 
made. Variations in a given crude feed 
over a period of time may make these 
adjustments necessary, but in general 
very little time is required to get: the 
unit “lined-out” on a new operation. 

If a feed or product split is required 
that has not been run before, the usual 
method of laboratory testing and unit 
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adjustment is, of course, required, but 
once the desired operation is reached, 
it is recorded on the log and can easily 
be repeated at any future time. 

The following data from log sheets 
covering runs on two crudes and a 
naphtha illustrate the method: 








| 
8-10-46 | 7-24-46 | 8-10-44 





37.4 292.0 | 45.8 


5500 
475 


P 
Feed, Barrels per Stream 
Day 8 | 5916 
Heater Outlet, °F. 2 | 670 
Top Tower Pressure, psig 2 | 24 24 
Micrometer Valve Set- | ~ 
ting Light Sidestream } 
Stripper ; 5.10 4.65 
Micrometer Valve Set- 
ting Heavy Sidestream 
Stripper 
Drawoff Trays to Light 
Sidestream Stripper 
Drawoff Trays to Heavy 
Sidestream Stripper 


Top Tower, °F. ¢ 380 324 





5.40 5.30 
\Nos. 5 & 7 
No. 15 


No.9 No.9 


No, 15 No. 15 








The following data from the corre- 
sponding laboratory report sheets indi- 
cate the products made with the above 
operations: 








| 


7-24-46 | 8-10-44 





Overhead: | 
°API 46.2 
ASTM 
IBP 26 |} 212 
10 8 258 
30 y 278 
297 
318 
343 


Light Sidestream: 
° API 


ASTM 
IBP 
10 
30 
50 
70 
90 
FBP 


Heavy Sidestream: 
> API 


ASTM 
IBP 
i0 
30 
50 
70 
90 
FBP 


Bottoms: 
° API 








Weighing Cylinder Gas 
for Treating Purposes 


HEN chlorine or other gases 
used in various batch-treating ope 
tions, some apparatus is required 
weight the correct amount of gas 
each batch treated. Weighing machi 
are available from a number of 
facturers but in many cases a speg 
treating operation will not justify 
cost of a special machine. C. G. Re 
Water Chemist, Talco Aspha!t 
Refining Division, American Libe 
Oil Company, reports the use o 
standard lever-type platform scale 


"eis oa 


Gas-Weighing Arrangement 


this job, as shown in the photog 

The gas containers are placed on 

scale and connected with the gas4 
charge piping by flexible tubing 

the weigh beam of the scale is adj 
to balance the weight of the contal 

When it is desired to weigh out 

amount of gas required for a Dm 
treatment, the weigh beam is sé 
the appropriate new total weight 

gas is allowed to tiow from the ¢ 

ders until the beam is tipped into 

ance again. 


Manifold for Unloading 
Crude Oil from Tank Vat 


Ooramnc large quantities of @ 
by rail requires ample facilities 
rapid unloading. This is provide 
a simple method at the plant of 
tional Cooperative Refinery Asso 
at McPherson, Kansas. The syst® 
cludes both gravity and pumps) 
transferring oil from the unloadif 
to storage tanks:in the plant, so 
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PENBERTHY KR flex 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Liquid shows black—empty 
space shows white. Pre- 
ferred wherever liquid level 
must be easily and posi- 
tively visible...and when 
liquids are under high pres- 
sure or at high temperature. 





These gages are made of alloy temperature resisting 
steel and are the highest quality throughout. Liquid 
chamber is made from a solid block of steel to assure 
perfect alignment and rigidity. All Penberthy gages 
conform with A@.P.L-A.S.MLE. requirements. 











PENBERTHY 


Transparen f 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Used to observe color and 
density of liquids under 
high pressures, and/or tem- 
peratures. Construction is 
exceptionally rugged... 
similar to Reflex types. 


PENBERTHY INJECTOR CO. @ 


DETROIT, MICHIGAN * Canadian Plant; Windsor, Ontario 


ALLRED. 
PRODUCTS 
Liowt.| 4% 












Unloading Manifold at Kansas Cooperative Refinery 


many as 10 cars may be handled at one 
time. A-single header laid between fhe 
double siding at the rack provides means 
for collecting the oil and furnishes the 
suction line for the pipe-line pump. Two 
lateral lines extending at right angles 
from the take-off on the header contain 
fittings for connecting the flexible hose 
which are attached to the outlet valves 
of the tank cars. At each spot are the 
necessary caps and connections to at- 
tach the end of the flexible hose to the 
outlet valves, each lateral provided with 
a gate valve for shutting off and con- 
necting the flow of oil to the header. 
Shallow pans under the outlet fittings 
of the cars prevent waste and supply 
means for collecting oil which is drained 
through a system of pipes for salvage. 


Dolly Facilitates 
Handling Engine Pistons 


AIN strength and awkwardness is 
not required for handling engine pis- 
tons when re-ringing and cleaning 
grooves. This has been accomplished by 
supplying a light dolly with wheels for 
supporting the piston when work is be- 
ing done on the engines. The dolly 
frame is made by using two-inch angle 
iron shaped in the form of a crescent 





Dolly for Engine Pistons 


for the end pieces. Heavy tubing con- 
nect the angle irons at the required dis- 
tance from each other, with four ver- 
tical posts for supporting legs cut to a 
convenient height. Extensions of. the 
tubing form handles for moving the 
dolly while gate wheels on an axle as- 
sist in trundling the unit across the en- 
gine room floor. Two bars, one on each 
side, contain ball bearings spaced at a 
distance which will support the barrel 
of the piston so that it can be rolled 
easily when cleaning the grooves, and 
applying the new rings. A rope sling is 
part of the unit to raise and lower the 
piston upon the dolly, and to pick it up 
with the hoist when inserting it into the 
cylinder after cleaning. Much labor is 
saved by the use of this simple dolly. 


Water Seal Used on 


Pump Packing Gland 


Fite sealing of pump glands has al- 
ways been a source of trouble in the 
operation of refinery pumps. A com- 
pletely tight seal is probably impossible 
as there must be enough leakage to pro- 
vide lubrication to prevent overheating 
and subsequent burn-out. A variety of 
fairly complex mechanical seals and 
force-feed-type lube-oil sealing-fluid sys. 
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Water-Sealed Pump 
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Weather-Guards For Electric Motors 


ec 
When standard electric motors are installed outdoors they sometimes give trouble because of 


penetration by rain water even though the air intake openings are so located that rain can not 

" fall directly into the motor case. To provide additional protection for such motors, one refiner 

has built special covers for the driver ends of several outdoor pumps. The photograph shows ® 
battery of these pumps with one of the motor covers removed. 
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TUBE-TURN quality-controlled Welding Fittings‘and 
Flanges are available in a wide range of metals and 
sizes to meet virtually every piping need. Practical pro- 
duction and application experience has dictated the engi- 
neered development of every fitting design. The selection 
of each alloy was made only after careful research and 
close cooperation with alert piping engineers all over the 
country whose daily problem is to cope with specific con- 
ditions of heat, pressure, flow and corrosive attack. 


Not just another fitting . . . but one which meets, in 
every way, the rigid requirements of planned, long-lived 


Alloy? 


. systems in which every component part 


systems . 
plays an important role. 

Tube-Turn engineers are ready to work with you and 
give you the benefit of their wide background of experi- 
ence in the use and production of welding fittings in all 


‘these alloys. For piping permanence in alloy systems, be 


sure the Welding Fittings and Flanges are trade-marked 
Tube-Turn. 
TUBE TURNS (inc.) Louisville 1, Kentucky. District Offices: New York, Wash- 


ington, D. C., Philadelphia, Pittsburgh, Cleveland, Detroit, Chicage, Houston 
San Francisco, Los Angeles, 
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tems are in use and in many cases have 
given excellent service. These systems 
work on the principle of substituting a 
sealing fluid for the pumped fluid, there- 
by preventing loss of the pumped fluid 
and insuring adequate lubrication of the 
rubbing surfaces of mechanical seals. 

A simple application of a similar idea 
was used in a Pennsylvania refinery for 
a number of years with complete suc- 
cess. 

A gasoline reflux pump gland was 
packed with ordinary water-pump pack- 
ing, a lantern ring being inserted be- 
tween the ¢tenter rings of the packings, 
as shown in the sketch, and water was 
injected here as a sealing medium. A 
small trickle of clean water leaked out 
of the outside end of the pump gland 
and a small amount of water leaked into 
the pump suction side of the pump 
gland, where pressure was 60 psig, the 
available pressure of the water injected 
into the gland being some 65 psig. Since 
the amount of water leaking into the 
pump was very small no noticeable ef- 
fect on operation was observed. In five 
years’ service two sets of packing were 
required, and no leakage of gasoline was 
ever observed from the pump gland. A 
check valve was used in the seal water 
line to prevent gasoline entering the 
cooling-water system in the event that 
the pump suction pressure should ever 
exceed cooling-water pressure. 


Double-Pipe Exchanger 
Needs Little Maintenance 


Wiis & ore heat exchangers are 


not difficult to fabricate and have the 
advantage of remaining operable over 
long periods since the large fluid flow 
areas are less subject to stoppage as 
surface fouling occurs than is the case 
with shell-and-tube units. 

Roy H. Tate, refinery superintendent 
of the Inland Refining Company plant 
near Palestine, Texas, reports the use 
of a bank of such exchangers for a pe- 
riod of several years with no mainte- 
nance difficulties and with a resulting 
crude preheat sufficient for their process 
requirements. The double-pipe exchang- 
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Gasoline Cooler 


ers are arranged in a support rack made 
of welded pipe members. Each ex- 
changer consists of two straight sections 
of double-pipe heat-transfer surface 
which are placed side-by-side and con- 
nected for countercurrent flow. All inlet 
and outlet connections are located at one 
end of the assembly and the two sec- 
tions of each exchanger are connected by 
a U-bend and a “jump-over” line at the 
opposite end. Thermal-expansion differ- 
ences between inner and outer pipes are 
permitted by packed expansion joints 
located at the connection end of each 
exchanger section. The outer pipe of 
each section is anchored to the support 
rack at the connection end only, permit- 
ting free overall expansion. 

The top exchanger in the rack is in 
gasoline overhead-to-crude service, witli 


kerosine-to-crude, gasoil-to-crude, fuel- 
oil-to-crude, and exhaust steam-to-boil- 
er-feed services provided by the other 
exchangers in that order. 


Gasoline Cooler Made 
From Section of Pipe 


Ei E sketch shows a gasoline coole 
made from a 24-inch steel pipe 20 feet 
long, filled with l-inch raschig rings 
The vessel formerly was in use as a 
caustic scrubber. ; 

Operation of this cooler is based on 
direct heat exchange between the warm 
gasoline and the cold water. This sys- 
tem is used in a Canadian refinery with 
excellent results, as first the capacity 
of the crude unit was increased, and 
second, the temperature of the gasoline 
stream was lowered from 130° F. t 
80° F. Tests indicate that a saving of 
2 API degrees in the gravity of the 
gasoline resulted. 

In this particular installation the cost 
of putting the cooler in operation was 
about $15, and resulting saving is man) 
times that figure per day. 


Portable Dead Men 
Wane there 1s need for guy wire am 


chors to steady the gin poles during 
erection of stacks, columns and the like 
it is common practice io excavate ani 
bury a steel, or concrete dead man 
These, of course, must be removed wher 
the job is completed, all of which take 
time and material useful in other jobs 
One company with an expansion pro 
gram which requires many _towef 
stacks and other vertical units neces 
sarily handled with rigging cranes ani 
gin poles, uses flat-bed trailers weighte 
with concrete blocks. With these loadej 
upon the trailers, it is unnecessary ! 
bury dead men, since the guy wires ma 
be attached to the frame of the trailer 
and hold the gin poles steady. The tra 
ers are always placed with the side ta 
ing the work, so that the drag will) 
against the sides of the tires. 


Double-Pipe Heat Exchanger in Service in Inland Refining Company's Plant 
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THE )AONTH IN THE INDUSTRY 





A. P. I. Resolutions Oppose 
Governmental Interferences 










boil- 
ther 
ooler a sie 
) feet Sharp thrusts at activities of the fed- 
rings. eral government in its dealings with oil 
as alm came out of the 1946 annual meeting of 
the American Petroleum Institute at 
>d on Chicago, November 11 to 14. In one 
warm @ resolution the board of directors peti- 
> SY* tioned the Congress to so amend the 
with 
pacity natural-gas act that the Federal Power 
"andj Commission will have authority over 
solinef only the transportation of natural gas 
F. tof in interstate movement; in another it 
ing off urged the Senate Committee on Foreign 
of the Relations to scrutinize the pending 
Anglo-American Oil Agreement to 
" ba make certain that this document con- 
mana tains nothing that will alter existing 
concessions of American nationals in 
other countries nor give any. commis- 
sion authority whereby it may gain 
control over domestic activities in -oil. 
Also the 1946 meeting brought ap- 
proval of a program of industry-wide 
ire arfm public relations activity, designed to im- 
during prove the rating the industry has with 
he like the public. The slogan “Petroleum is 
ite an Progressive” is the theme of the first 
1 man year of activity. 
d_ wher At the annual meeting in 1945 the 
h takei™ directors approved a resolution in which 
or jobSME it recommended adoption of the Anglo- 
on Pree American Oil Agreement. The resolu- 
towel tion at the 1946 meeting set forth what 






neces 
nes an 
reighted 
» loadel 


the directors then understood and now 
understand this agreement: to provide, 
One provision was that neither the 
treaty nor the act of ratification “Shall 

















sary “confer any power or authority .. . to 
res Mi regulate or control the foreign opera- 
trail tions of the nationals of the United 
he tra" States nor in any way to regulate or 
side fl control the domestic petroleum indus- 





will try . 


Because of recent proposals from 
the State Department that UNO be 
given international oil authority the fol- 
lowing provisions was put in the reselu- 
tion that neither the treaty nor the com- 
mission “shall have any right or author- 
ity either under its own provisions or 
i conjunction with the Social and Eco- 
nomic Council of the United Nations 
Urganization, to review or revise the 
oreign or domestic oil concessions and 
ontracts of American nationals ... ” 


A third point in the resolution con- 
ering influence on the government 
that ratification would not imply 
lat the government of the United 
States subscribes “to the principle that 
World organization . . . shall be em- 
vered to review or revise the lawfully 
Mduired concessions, rights and con- 
ts of American gationals engaged 
reign operations ... ” 

€ program for the meeting assumed 
ME widest scope in all the Institute’s 
Hstory. In addition to public relations 
unusually interesting addresses on 
eral economics and technical operat- 
§ Problems, agriculture was given a 
ace on the program for the first time. 
$ further evidence of its relationship 
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with other industries, the first Gold 
Medal Award for Distinguished Service 
was presented to Henry Ford, with 
Henry Ford II, now president of Ford 
Motor Company, accepting in behalf of 
his grandfather. 

Registration at the meeting far out- 
distanced any previous attendance, to- 
taling 3909 in contrast with the previous 
peak of 3141 established in 1935 at Los 
Angeles. 


API Called Mirror 


In his annual address William R. 
Boyd, Jr., Institute president, classed 
the American Petroleum Institute as a 
mirror of the industry, which. “cannot 
by its mere existence guarantee the 
solution of any problem, since every 
representative trade association must 
wait until its membership can come to 
a substantially unanimous accord about 
what should or should not be done.” 


He gave this reason for allowing men 
freedom in making the decisions that 
finally make up the opinion in hope of 
solving any problem: 

“Very often men do not know what 
is the best thing to de and no one is 
wise enough to tell them. They must 
take a risk. Initiative and freedom for 
initiative is the essential ingredient we 
need, freedom to risk and, if need be, 
fail—and in failing to be able to do so 
without recrimination and without pun- 
ishment for having tried and failed. 
What government should undertake to 
guarantee every man is not prosperity 
but the chance to prosper.’ 


Public Relations 


The recommendations of its Subcom- 
mittee on Public Relations came before 
the first general session in a paper by 
Robert T. Haslam, committee chairman 
and vice president of Standard Oil Com- 
pany (New Jersey). 

Recommendations contained in the 
Haslam, paper actually assumed the 
form of a report of a committee of 17, 
which has studied results of a survey, 
designed to determine what the public 
thinks of the petroleum industry. The 
survey was made by the organization 
headed by Claude Robinson, president 
of Opinion Research, Inc., who also 
spoke at this session. 

One significant sentence stated the 
handicap the industry faces: “The fact. 
is that there is a colossal shortage of 
understanding about the oil industry.” 
Then Haslam added: 

“We propose to increase that under- 
standing. We propose to do it through a 
carefully planned series of specific steps 
that will create a constructive, favorable 
impression of the oil industry in the 
public mind. We want the public to like 
the oil industry.” 

As a means of changing opinion so 
that “the public will like the oil indus- 
try,” the subcommittee set about to find a 















A.P.I. OFFICIALS 


W. R. Boyd, Jr., President. 

Dr. R. E. Wilson, chairman, Standard 
Oil Company (Indiana), vice president, 
refining. 
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Attendance, 1946 session, 3972, new 
record. 





1947 Annual Meeting, Chicago, Ste- 
vens Hotel, November 10 to 13. 











useful theme or characterization. The 


selection was “Petroleum Is _ Pro- 
gressive.” 
“Here,” Haslam explained, “is a true 


characterization, one we can live with. 
It is a friendly characterization that will 
be more effective than any other in 
meeting present and future issues. 

“For example, the progressive charac- 
ter of the industry is its best defense 
against regulation. A public impressed 
with that characterization of the indus- 
try is apt to think:-‘Let it alone, there’s 
no need to nationalize a progressive 
industry.’ ” 


Advantages of Theme 


Advantages of such a characterization, 
which Haslam was careful to note was 
not a slogan, were thus enumerated: a 
progressive industry improves old prod- 
ucts, pioneers new ones. 


Other observations credited to 
characterization were: 

“If a public feels that an industry is 
progressive, there will be little. tendency 
to think of it as making too much 
money. A progressive industry is, by 
nature, a competitive industry. Better 
products and better services are the 
results of a progressive competitive 
cycle.” 

The first attack on opinion status, 
using the progressive theme, will be 
directed to three specific issues, on 
which the survey revealed the lowest 
degree of understanding. 

These opinions are (1) the impression 
that the industry holds back new de- 
velopments; (2) the impression that the 
companies get together to fix prices; 
and (3) the impression that the indus- 
try is a monopoly and that there is not 
enough competition. 


In order to overcome these impres- 
sions the program calls for the activity 
of a staff of “trained public relations 
merchandisers into the field. We know,” 
Haslam said, “it takes salesmen to sell 
products. We need salesmen, too, to sell 
these important ideas.” 

This staff of public relations experts 
will have tertitorial assignments. They 


the 
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rue /Wontn... 


will work with the oil companies in 
these territories so the “individual com- 
panies can make the most effective use 
ef their ewn facilities and resources. If 
the companies do not make the most of 
their opportunities for telling their own 
story, no one else can do the job for 
them.” 

Further, these men will work with 
existing associations and maintain con- 
tact with publishers and editors. The 
effort will have advertising support and 
will take advantage of special events as 
opportunities are available. And a spe- 
cial event has been designed to make 
the public conscious of the progressive 
theme, to which Haslam gave the fol- 
lowing outline: 

“It has been observed by many public 
relations authorities that what the pub- 
lic thinks of ar industry or a company 
is often determined by two or three big 
events rather than by thousands of small 
acts deserving public approbation. We 
therefore have recommended staging a 
spectacular nationwide contest to at- 
tract the public’s attention to the pro- 
gressive characer of the oil industry. 
The contest would be for the best brief 
statement on why the contestant thinks 
the oil industry is progressive or pos- 
sibly on what a progressive oil industry 
means to America.” 


Champlin on Fundamentals 


The general policy of turning to pub- 
lic relations to try to save what they’ve 
got, instead of seeing it as a “way to 
build bigger and better business,” was 
denounced by Ralph C. Champlin, Ethyl 
Corporation, New York. After declaring 
that only the efforts of many companies 
could possibly command sufficient at- 
tention and sufficient conviction to im- 
prove public esteem, Champlin outlined 
the fundamentals essential to a success- 
ful relations program. 

“The public is not interested in what 
is on your mind,” Champlin concluded. 








W. R. BOYD, JR. 
President 





“It is interested chiefly in what is in its 
own mind... Let us seek assiduously 
for those things that are in the public 
good, and advocate them. Let’s be for 
more things. Let us advocate changes 
that restore free men to the vigor they 
need to cope with the world forces of 
degradation. Let us lead the fight for 
the liberty of the individual man. Let’s 
talk about him to him. If he achieves 
liberty, we shall all have liberty without 
ever mentioning the liberties of busi- 
ness.” ; 

At a forum it was brought out that 
proposed industry’s public relations ef- 
forts should be referred to as a program 
of education and not as a campaign. 
Fred Eldean, public relations counsellor, 
New York, said it would take three or 
four months before the staff of field 
representatives could begin functioning. 
A panel of industry public relations men 
and oil editors answered questions from 
the floor. Most of the questions con- 
cerned how the program would be car- 
ried out. 

Ralph K. Davies, acting director of 
the Oil and Gas Division of the Interior 
Department, appeared on one of the 
general session programs to read an 
address by J. A. Krug, Secretary of the 
Interior. 

Careful appraisal of the role of im- 
ports in the national oil policy was rec- 
ommended by Secretary Krug. 

“The problem of imports,” he said in 
his paper, “is to find a reasonable and 
proper answer to the question of how 
much and what kinds of oil we should 
import. We could bring in too little or 
too much.” 

The attitude toward imports was part 
of a petroleum program for the nation, 
especially a policy toward the security 
of the nation in case of emergency, Krug 
went on to Say. 

His suggestions were based on the 
prospect that half the oil resources of 
the nation have been produced, leaving 
another 50 billion barrels from domestic 
reserves. On this matter he said: 

“There is a definite limit to the 
amount of petroleum which can be found 
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in the United States. That amount was 
determined millions of years ago in geo- 
logical time.” 

As part of the domestic policy toward 
oil Krug recommended that we should 
“know the maximum efficient produc- 
tive capacity of the oil wells and fields 
now in operation.” 


Backlog Lacking 


As a result of high productive rates 
during the recent war he concluded that 
“we no longer have a reserve produc- 
tive capacity large enough to provide a 
backlog for defense.” 

Krug recommended that “we appraise 
the present situation and try to see what 
it offers in the way of foundations fer 
petroleum security in the future. I have 
urged the combination of forceful ex- 
ploration and conservation but more 
plan than that will be needed. 

“One possibility may lie in our strip- 
per wells . . . if techniques of secondary 
recovery can be advanced sufficiently.” 

In a further discussion of imports he 
added: 

“Imports, obviously, should not be se 
limited as to force the operation of our 
domestic oil fields at levels which ex- 
ceed the maximum efficient rates and 
thereby cause physical waste. The ex- 
tent to which we can produce oil with- 
out causing physical waste is o~e prime 
factor to be considered in :s..easuring 
our needs for oil from outside sources. 
Yet if this is to be the sole criterion for 
imports, obviously there would be small 
likelihood of attaining the reserve pro- 
ductive capacity. On the other hand, 
imports should not be of such magni- 
tude or character as to threaten the eco- 
nomic well-being of the domestic oil 
industry.” 

Development of oil reserves of the 
Middle East brought this observation 
from the Secretary of the Interior: 
“the richness and productivity of their 
oil horizons are of sufficient. magnitude 
to overcome the costs of long ocean 
hauls and to bring these fields within 
the orbit of our peacetime oil supply.” 
Since domestic reserves depend upon 
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Just published—this revised edition of Bridgeport’s 
: S en d fo r R ev is e d —— Bulletin on ies es Tubing contains up-to- 
i the-minute data on applications, advantages, recom- 
4 ? - mendations and methods of installation. 
Technical Bulletin on This new bulletin will prove extremely helpful to 
users of heat exchangers, condensers, evaporators, 
re stills and other chemical and industrial processing ° 
-_ ee i ! D G * Pt: RT equipment where both inside and outside tube walls 
are attacked simultaneously by different corrosive ele- 
ments too severe for a. single alloy or metal. It explains 


1e D U PLE X TU Bi A G how Duplex Tubing resists double corrosion through 


” the use of inner and outer tubes of different metals or 





alloys—each selected to combat a specific corrosive 
id element—and mechanically combined so as not to 





h- interfere with heat transfer properties. 

Bridgeport furnishes Duplex Tubing in any of the 
following combinations: Admiralty, Red Brass, copper, 
Cuzinal, Cupro Nickel, Muntz, Duronze IV*. . . with 
steel, aluminum, stainless or monel. 

For complete information and assistance in solving 
your present corrosion problems, fill out and mail 


coupon. ; *U. S. Pat. No. 2093380 


BRIDGEPORT BRASS COMPANY 
“Beegenyrt” BRIDGEPORT 2, CONN. + Established 1865 





I Bridgeport Brass Company ] 
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state regulation, Krug gave this advice: 
“the basic responsibility for conserva- 
tion rests with the states and efforts to 
fulfill that responsibility should have 
full support of the individuals and cor- 
porations which make up the petroleum 
industry... . The enactment and enforce- 
ment of conservation laws and regula- 
tions by the states should guarantee that 
this responsibility will continue to rest 
with the states and render ineffective 
any clamor for independent federal ac- 
tion. 

“I may say to you that my ears 
would be deaf to such clamor. I do 
not believe in, nor would I support, any 
proposal for the federal government to 
take over the oil industry or the gas 
industry. Governmental procedure is 
not suited to the risks, ventures and ex- 
perimentations which are necessary to 
successful accomplishments in oil and 
gas.” 

Oil’s Responsibilities 

Eugene Holman, president, Standard 
Oil: Company (New Jersey), speaking 
at the last general session Thursday 
morning, listed the economic impor- 
tance of the industry as secondary “with 
other qualities more significant.” These 
included optimism, daring and a pro- 
gressive spirit that has always charac- 
terized its activities. 

“This country has developed a na- 
tional economy based to a great extent 
on oil and we of the industry have a 
responsibility in keeping that economy 
operative. In this respect, the customer 
is our boss and he must be served.” 


Other industry responsibilities are 
those to stockholders who look for a 
return on the investment and to em- 
ployes, most with special skills. For 
these, Holman said, “we should strive 
to maintain stabilized employment with 
good wages, fair hours and favorable 
working conditions.” 

Regarding another obligation, Hol- 


man pointed to the estimate of econo- 
mists that by 1965 the consumption of 
petroleum products in the U. S. would 
be 6 million barrels daily. To this must 
be added a rising|consumption in other 
countries. In analyzing the source of oil 
for this obligation, Holman said that his 
company’s geologists expect future dis- 
covefies of the U. S. to equal those of 
the past. Improved production methods 
also will help. 

“Natural gas also may be regarded as 
supplementary to petroleum, because 
hydrocarbon synthesis processing has 
now reached the point where natural gas 
is converted into liquid fuel,” he went 
on. “By drawing from only one-third 
of our present known gas reserves at 
the rate of 4 percent per year, it is esti- 
mated we could produce one-fourth of 
our current motor gasoline demand by 
variations of the Fischer-Tropsch proc- 
ess.” 

He cited gasoline from coal as another 
source. 

Opportunity of accomplishment is the 
foremost essential in providing what the 
public requires from oil with freedom to 
work as a requirement, he said. 

“In oil we believe in freedom and 
competition,” Jersey Standard’s presi- 
dent declared. “We are opposed to any 
plan whereby fair and open competition 
can be restricted. We reject agreements 
to fix prices, allocate markets or limit 
production except where production is 
controlled to avoid waste. Ours is one 
of the most competitive in the entire 
economic field. 

“We are against monopolies either 
formed by private companies or by gov- 
ernments. 

“We are opposed to waste, the goal 
of our research and development being 
more efficient use of our natural. re- 
sources. But ‘locking up’ natural re- 
sources in vast areas is not our idea of 
conservation. That is the best way not 
to have oil available for either present 
or future use.” 

Touching on the tidelands matter. 
Holman said the controversy “is not 


conducive’ to the development of pos. 
sible oil resources in those areas,” and 
that “any decision to set aside the tide. 
water lands as a ‘salted-down reserve 
probably means that the oil would be 
unavailable in an emergency.” 


Relations with Independents 


In his speech Thursday morning 
Ralph T. Zook, of Sloan & Zook, Brad. 
ford, Penn., called upon. executives of 
the larger companies to improve their 
relationships with the independent pro. 
ducers, saying: 

“Your relationship with the smaller 

units leaves much to be desired. To 
most of the thousands of oil producers, 
the hundreds of refiners and the thou- 
sands of marketers, you are names only. 
Far too many of them regard you as 
the heads of large, soulless corporations 
instead of just plain good citizens with 
the same motives, desires and ambitions 
to do as good a job as any of the more 
humble in the affairs of the oil indus. 
try.’ ‘ 
Zook said that better understanding 
could be attained only by contact be- 
tween executives of the larger com. 
panies and the individuals who make up 
the independent wing of the industry. 

“The independent producer is of im- 
portance to the major oil company. He 
has led the fight for sound oil and gas 
conservation laws and development of 
our oil reserves by secondary recovery 
methods. He has insisted that we must 
not be dependent upon foreign oil.” 

Zook made_a plea for freedom of en- 
terprise in oil by saying: 

“The pages of history show us there 
is a tried and proven course for oil 
abundance. It is reliance upon the skill 
and enterprise of the domestic industry. 
There is ample reason to believe. that it 
will continue to be successful in_ the 
foreseeable future so long as the door 
of opportunity is left open to the in- 
dustry. 

“The industry recognizes its responr- 
sibilities and knows that they are heavy 
ones. It knows that every policy and 
every action of every company and in- 
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by using the RIGHT Alloy 


T IS amazing how valve life in 

corrosive fluid lines can be 
increased—even multiplied, by a 
change to the right alloy. In the 
application shown in the photo- 
graphs here, the previous valves 
lasted two weeks. They were re- 
placed by valves of another 
alloy that lasted two months. 
Then Aloyco Valves in the right 
alloy were installed—and they 
are still on the line AFTER 
THREE YEARS OF CONTIN- 
UOUS SERVICE. This is only 
one of many similar instances 
that we encounter frequently in 
our experience. ; 


ALOYCO 


In types, sizes, and pressures 
also, Aloyco- Valves meet the 
most exacting requirements of 
the process industries. Maxi- 
mum corrosion resistance is as- 
sured by rigid analysis control, 
correct foundry practice and 
proper heat treatment of cast- 
ings. Easy, positive action results 
from precision fabricating and 
careful assembly.’ Made by spe- 
cialists who concentrate on stain- 
less alloys, Aloyco Valves can 
save money in your plant. Con- 
sult us for the right alloys for 
your requirements. 


aLOYCo" 


VALVES STAINLESS STEEL 
ness, esMe; MAP VALS es 


_ and higher Chrome- 
Nickel Series--Worth-- 
ite, Hastelloy, Monel, 
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dividual in the industry must be bal- 
anced in the scale of the public interest. 
It knows its responsibility is to devote 
maximum, constant efforts to find, de- 
velop, produce, refine, transport and 
deliver—at fair prices—all the petro- 
leum that this nafion needs, whether for 
peace or for war.” 

J. Howard Pew, president of Sun Oil 
Company, in discussing future prospects 
of the petroleum industry from a world- 
wide viewpoint, said the industry could 
“rejoice over the bright outlook. Inter- 
nally our industry today is better 
equipped to fulfill the opportunities of 
the future than ever before. We have 
ample crude supplies to meet all domes- 
tic requirements for the foreseeable fu- 
ture.” 

From the international viewpoint he 
saw in threatened trade agreements “a 
shadow with potentialities of evil that 
threatens to destroy all the bright hopes 
which our industry cherishes for many 
years of continued service to the Ameri- 
can public. 

“Any evil intent is disclaimed, but the 
nature of the pattern which is being 
followed has its origin in the collec- 
tivism and managed economy of the 
supreme all-powerful state,” he said. 

“Much of our government’s approach 
to the world’s postwar economic prob- 
lems is away from the tried and true 
American system and towards com- 
promising with, if not embracing, re- 
strictive collectivism. Too many men in 
our federal government are without 
faith in the ability of competitive enter- 
prise to serve adequately the needs of 
our people.” 

What this meant to oil brought this 
observation: 

“Oil long has been of particular con- 
cern to the economic planners. 

“Recent events indicate that instead 
of being over, the battle to subject our 
industry to a superstate cartel has just 
begun.” 

Pew’s analysis of the first Anglo- 
American Petroleum Agreement and 
the substitution of a second was de- 
scribed as: 

“This second draft was acceptable to 
the industry, by and large. Standing 
alone it could not be used as a vehicle 
for restrictive control of the industry. 
The British accepted this revised agree- 
ment. The Senate has not yet acted. 

“There the matter stood until last 
August when State Department spokes- 
men, including Charles B. Rayner, in a 
radio broadcast made clear their thought 
that this agreement was not to be the 
final solution of the controversy but, in 
effect, was ‘only the first step toward 
the world-wide agreement we need.’” 

Rayner “two weeks ago appeared be- 
fore the IPAA to disavow any intent 
to extend governmental control,” he 
commented, adding: 

“Let me say, either he has suffered a 
severe lapse of memory on that occa- 
sion as to what has transpired in this 
field in the last 20 months or he de- 
liberately undertook to deceive his 
audience.” 

One of the general sessions was de- 
voted to the theme of cooperation with 
other industries, rubber and automotive. 
‘The speakers were Alfred P. Sloan, Jr., 
General Motors Corporation; T. G. Gra- 
ham, The B. F. Goodrich Company, and 
Reese H. Taylor, Union Oil Company. 
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Sloan used the topic, “Why the Con- 
fusion?” His interpretation was that 
confusion came when, on October 30, 
1945, the national policy was defined 
thus: 

“Wage increases are imperative. 

“We must, above all else, hold the 
line on prices.” 

After discussing the inconsistency of 
this, he offered a solution for what has 
come out of the effort to maintain 
prices and increase wages as follows: 

“In view of what has happened, the 
constructive thing to do, and probably 
the only way out of the mess we planned 
for ourselves is to eliminate all wage, 
price and other controls involved in pro- 
duction and return to a free competitive 
economy and the law of supply and 
demand.” 

After analyzing the contributions of 
the petroleum industry in making its 
products available at consistently low 
prices, in ample quantity and with im- 
proved quality, Taylor pointed to the 
system of free enterprise as deserving 
most credit for this accomplishment, 
saying: } 

“Most of the credit should go to our 
American way of life. Most of the credit, 
I believe, should go to the economic 
system that has encouraged all men and 
all industries in this country to achieve 
the greatest possible progress.” 


API Plans Outstanding 
Contribution Award 


The American Petroleum Institute 
next year will initiate an annual award 
to be conferred upon the man or woman 
in the industry who makes the most 
outstanding contribution to the arts and 
sciences or administration of the petro- 
leum industry. 

The plan was developed at the meet- 
ing of the API board of directors in 
Washington September 25. 

Each year, the outstanding contribu- 
tor to advancement of the industry will 
receive the “American Petroleum Insti- 
tute award for distinguished achieve- 
ment,” and a similar honor may be 
conferred from time to time upon per- 
sons outside the industry who have 
made such contributions. Either one or 
two awards, or none, may be made 
annually, as decided upon by a com- 
mittee on awards. Presentations will be 
made by the president of the Institute 
at its annual meeting. 

In addition to the medal of achieve- 
ment, the committee was authorized to 
investigate and report to the board of 
directors on proposals from individuals 
and groups to endow or defray the ex- 
penses of other awards, lectures or 
scholarships relating to achievement in 
special fields within the industry. 

Membership of the first committee on 
awards, appointed by President William 
R. Boyd, Jr., are John M. Lovejoy, 
Seaboard Oil Company of Delaware, 
New York, chairman; O. D. Donnell, 
Ohio Oil Company, Findlay, Ohio; R. 
Gwynn Follis, Standard Oil Company 
of California, San Francisco; B. Brew- 
ster Jennings, Socony- Vacuum Oil Com- 
pany, New York; A. W. Peake, Stand- 
ard Oil Company (Indiana), Chicago; 
Reese H. Taylor, Union Oil Company, 
Los Angeles; W. K. Warren, Warren 
Petroleum Company, Tulsa; H. C. 
Wiess, Humble Oil & Refining Com- 
pany, Houston, and L. S. Wescoat, The 
Pure Oil Company, Chicago. 


Republican View to Temper 
National Policy on Oil 


For the oil industry, the shift of 
power in Congress, following the elec. 
tion, will have important results. 

It will mean that any national oj] 
policy written next year will be tem- 
pered by the Republican viewpoint, tra- 
ditionally concerned with protection and 
advancement of domestic — industry, 
Rather than return to isolationist poli- 
cies, this likely means relaxation of the 
attempt to remake the world to conform 
to American ideals; the “good neigh- 
bor” spirit will still prevail, but on the 
theory that the “neighbors” should give 
as well as take. 

A thorough overhauling of taxes im- 
mediately rather than just before the 
1948 presidential campaign, is likely 
along with an effort to make good the 
Republican promise of a 20 percent cut 
in taxes next year. 

It may doom efforts to give the gov- 
ernment a stronger control over industry 
through such means, for instance, as an 
expansion of the authority of the Federal 
Power Commission or any concentration 
of power over the oil industry through 
any “coordination and _ centralization” 
such as the OGD. 

It may mean definite, effective opposi- 
tion to the throwing open of this market 
to foreign oil apparently sought by the 
administration through its reciprocal 
trade agreements and “we’re running 
out of oil” policy. 

The strength of the 80th Congress will 
lie as much in what it prevents as in 
what it does. It can pass legislation, but 
the President can veto it; the President 
can urge legislation and the Congress 
can deny it. 


Revocation of Import Curbs 
To Bring More Lead Supplies 


Increased supplies of lead for tetra- 
ethyl fluid, batteries and general indus- 
trial uses are expected to develop rapidly 
as a result of revocation by the Civilian 
Production Administration of import 
controls on the metal. 

Simultaneously, the Reconstruction 
Finance Corporation was directed to dis- 
continue its public purchase program 
for lead, except for existing contracts, 
and to terminate its premium payment 
plan designed to encourage the produc- 
tion of metal from high-cost marginal 
mines. 

At the same time an informal agree- 
ment between the United States and 
Britain since the first of this year limit- 
ing the quantities of lead which each 
could import also will be terminated. 

Government officials said that large 
mines in Australia are now being opene( 
up and considerable quantities of lead 
should be available from that country 
the near future. Throughout the war 
Mexico was the main source of foreig! 
lead imported to supplement domestic 
production. 


Oil Research Project at 
University of Colorado 


A research project for study of the 
waterproofing of mortar and concrete 
through the use of petroleum deriva 
tives has been established by The Texas 
Company at the University of Colorado. 

It is suspected from published work, 
it was said, that even small amounts ° 
asphalt and related petroleum deriv 
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From the smallest to the largest these 
reliable turbines have— ‘ 


x Indestructible one piece wheel. 
* Large radial and axial clearances. 
* Double rim protected blading. 


x Individual nozzle control. 





* Dependable and durable governor. 


* Heavy dust-proof bearing and gov- 
ernor housing. 


x Independent overspeed trip with sep- 
arate valve. 


* Sturdy casing design. 


* Strong and easily inspected steam 
strainer. 


x Truly accessible construction, which 
makes inspection of the interior parts 
a simple matter. 


AT RIGHT: 


Action of steam in Terry wheel turbine. The 
steam issues from an expanding nozzle at 
high velocity and enters the side of the wheel 
bucket in which its direction is reversed 180°. 
As this single reversal uses but a portion of 
the available energy, the steam is caught in 
a stationary reversing chamber and returned 
again to the wheel. This process is repeated 
several times until practically all of the 
useful energy has been utilized. 


TERRY SQUARE- HARTFORD, CONN. 
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tives may greatly increase the water 
resistance and flexibility of the’ resulting 
concrete structure. Already it is known 
that the petroleum materials 
the amount of air that can be incor- 
porated in the concrete mix. This en- 
trained air increases the resistance of 
concrete to freezing and thawing and 
thus makes it more durable. 


Warren Raeder and William H. Tho- 
man will supervise the project, assisted 
by D. G. Kretsinger, associate research 
engineer of the experiment station. 


Rossini Elected President of 
Thermochemistry Committee 


Dr. Frederick D. Rossini, chief of the 
Thermochemistry and Hydrocarbons 
Section of the National Bureau of 
Standards, has been elected president of 
the standing committee of thermochem- 
istry of the International Union of 
Chemistry. 

The standing committee of thermo 
chemistry, consisting of leading chem- 
ists from Poland, France, Belgium, Hol- 
land, and the United States, is con- 
cerned with achieving international 
agreements for standards used in ther- 
mochemical investigations. The commit- 
tee plans to hold its first postwar meet- 
ing in London in July, 1947. 

Dr. Rossini is internationally known 
as an authority in thermochemistry and 
the physical chemistry of hydrocarbons. 
He has contributed extensively to scien- 
tific journals in the fields of thermo- 
chemistry, chemical thermodynamics, 
hydrocarbons, purification of hydrocar- 
bons, and preparation of standard sam- 
ples of hydrocarbons. 

Best known of Dr. Rossini’s scientific 
publications is his book Thermochemistry 
of Chemical Substances co-authored with 
Dr. F, Russell Bichowsky. Not only has 
this publication received world-wide dis- 
tribution (including translation into Rus- 
sian), but the Bureau of Standards has 
undertaken, as an official project, an ex- 
panded revision of Dr. Rossini’s book 
for standard use throughout the field of 
thermochemistry. In recognition of his 
outstanding work, the Chemical Society 
of Washington awarded Dr. Rossini the 
Hillebrand Award for 1934. 

Dr. Rossini. is supervisor of the Amer- 
ican Petroleum {nstitute Research Proj- 
ects on the “Analysis, Purification, and 
Properties of Hydrocarbons” and the 
“Collection, Analysis, and Calculation of 
Data on the Properties of Hydrocar- 
bons,” being conducted at the National 
Bureau of Standards. He holds member- 
ship in the American Chemical Society, 
American Physical Society, American 
Institute of Chemical Engineers, Amer- 
ican Petroleum Institute, Philosophical 
Society of Washington, Washington 
Academy of Sciences, New York Acad- 
emy of Science, and the American As- 
sociation for the Advancement of Sci- 
ence. He is also a member of the Na- 
tional Research Council Committee on 
Data on Ceramic Substances, American 
Society of Mechanical Engineers Special 
Research Committee on Properties of 
Gases, and the American Society for 
Testing Materials. He is an associate 
editor of the Journal of the American 
Chemical Society and of Science of Pe- 
troleum. During the war years, he 
served as a consulting member of the 
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Analytical Subcommittee, Technical Ad- 
visory Committee of the Petroleum In- 
dustry War. Council. 

Dr. Rossini received a bachelor’s de- 
gree in Chemical Engineering in 
and a master’s in science in 1926 from 
the Carnegie Institute of Technology, 
and a doctorate in Physical Chemistry 
in 1928 from the University of Califor- 
nia. During his academic and research 
career he has done part-time teaching 
at the Carnegie Institute of Technology, 
University of California, National Bu- 
reau of Standards Graduate School, 
Howard University, and Catholic Uni- 
versity of America. He is a member of 
Tau Beta Pi, Sigma Xi, Phi Kappa, Pi 
Delta Epsilon, and Phi Lambda Up- 
silon, 

Dr. Rossini joined the staff of the Na- 
tional Bureau of Standards in 1928 as a 
physical chemist in the thermochemical 
laboratory and became chief of the sec- 
tion of thermochemistry and hydrocar- 
bons in 1936. 


Dr. Warren F. Faragher to 
Prepare German Reports 


Dr. Warren F. Faragher of Houdry 
Process Corporation has been selected 
by the Office of Technical Services, 
Technical Industrial Intelligence Divi- 
sion, as the United States government's 
representative to go to*Germany to 
supervise preparation by Germans of 
final reports on the German petroleum 
processes. 

The purpose of Dr. Faragher’s mis- 
sion will be to complete the collection 
of the German information on the pro- 
grar s surveyed by the technical oil 
mission which was sent to Germany by 
the Petroleum Administration for War 
in 1945 and to have German reports pre- 
pared thereon. This group, of which Dr. 
Faragher was a member, followed ad- 
vance troop elements to investigate Ger- 
man manufacturing methods of hydro- 
genation, catalytic cracking, hydroform- 
ing, alkylation, polymerization, Fischer- 
Tropsch, and other processes. At that 
time, the chaos resulting from the war 
and the displacement of German tech- 
nical personnel left unanswered many of 
the questions concerning German meth- 
ods. In the past year, however, many of 
the missing technicians and numerous 
documents have been located and from 
them Dr. Faragher expects to obtain the 
data necessary for the completion of the 
reports. 

Dr. Faragher has been associated with 
Houdry Process Corporation since its 
formation in 1931. A former assistant 
director of Mellon Institute of Indus- 
trial Research, he also has served as in- 
structor at the University of Pittsburgh, 
where he instituted and conducted the 
first petroleum engineering course in the 
school’s history. 


Burns Named to New Post 


H. S. M. Burns, who has been -as- 
sociated with the organization for more 
than 21 years, has been named senior 
vice president of Shell Oil Company, 
Inc., in the East of Rockies territory. 
Starting in exploration department in 
California, Burns progressed through 
the manufacturing and marketing de- 
partments there. In the latter depart- 
ment, he served as division manager 
and later as general sales manager. 
Since 1935 he has spent most of his 
time in Colombia where he organized 
and directed Shell’s exploration and 
production activities. 





Gottschalk Joins Indiana 
Standard Patent Department 


Robert Gottschalk has joined Stand- 
ard Oil Company (Indiana) as assistant 
manager of the development and patent 
department. For the last 12 years he has 
been patent counsel for another com- 
pany in Chicago and has served with 
two New York patent law firms. 

Gottschalk was graduated from St. 
Lawrence Law School in New York 
after receiving the degree of bachelor of 
electrical engineering from McGill Uni- 
versity. He is a member of the Amer- 
ican Bar Association, American and New 
York Patent Law Associations, and the 
Patent Law Association of Chicago. 


Barth to Wood River 


Edwin J. Barth has joined the staff 
of Wood River Oil & Refining Com- 
pany, Hartford, Illinois, as asphalt tech- 
nologist in development of new products 
and specialties. Formerly he was with 
Anglo-Mexican Oils, Ltd., in Mexico 
and later was in the development de- 
partment of Sinclair Refining Company, 
East Chicago, Indiana. 

Barth has been a frequent contributor 
to PETROLEUM REFINER, his recent con- 
tributions consisting chiefly of transla- 
tions from the European publications. 


Phillips Makes Chemical 
Division Personnel Changes 


Phillips Petroleum Company recently 
announced the appointment of two as- 
sistant managers of the company’s 
chemical products department: L. H. 
Wright in charge of the Philgas whole- 
sale, industrial, and retail divisions and 
Dr. C. C. Crawford in charge of the 
special products, product development, 
and Perco divisions. Dr. A. J. Dirksen 
was promoted to manager of the product 
development division, the position for- 
merly held by Dr. Crawford. 

The appointments, it was said, were 
made because of increased activities and 
expansion of sales in all phases of Phil- 
lips liquefied petroleum gas marketing, 
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“PINWHEEL ACTION’ BURNER 


INCREASES BOILER RATINGS 
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Coppus-Dennis FANMIX Uses New Principle to Create 
“Flameless Fire’ and Get More Heat from Gas or Oil 







Greater heat release results from the unique Dennis principle of combining fuel with air 
in a perfect mixture to provide truly radiant heat — “flameless fire’. 

On natural gas, for example, FANMIX provides complete combustion with less than 
5% excess air in the product of combustion leaving the furnace. 

Increase ratings of equipment now operating at limit of present burners. Install FAN- 
MIX ... easily, economically . . . and get more heat. 

Coppus engineers FANMIX Burners for individual applications. Complete control 
over rate of combustion or “flame pattern” can be provided to meet the requirements of 
any installation. Coppus Engineering Corporation, 531 Park Ave., Worcester 2, Mass. 
Sales offices in THOMAS’ REGISTER. Other Coppus “Blue Ribbon” products in SWEET’S, 
CHEMICAL ENGINEERING CATALOG, REFINERY CATALOG. 
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“Pinwheel Action” Gives Perfect Proportioning New Installations — FANMIX Cuts Investment Cost 
Fuel escaping from orifices in rotating driver arms, rotates the Smaller combustion space — furnace is relieved of having 
fan, which draws in air at right angles to the path of the fuel. . to serve as mixing chamber. Less stack — FANMIX creates 
The energy in the fuel under pressure is utilized to perform its own forced draft, overcoming draft loss across the burner. 
work by mechanically mixing and proportioning the fuel auto- No forced draft equipment — FANMIX draws air for com- 
matically with just the required amount of air. bustion through air-cooled walls or floors. 

This homogeneous mixing secures complete combustion. 2 Types — Straight Gas or Corfibination Gas-Oil 
Uniform temperature conditions exist throughout the furnace. Combination burners burn either oil or gas in entirety or in 
with complete absence of drifting “hot spots”. any proportion. No oil guns needed. 
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Cc. C. CRAWFORD 


special hydrocarbons, chemicals and pat- 
ent licensing which have brought about 
the necessity for additional management 
assistance. 

Wright received his B.S. degree in 
chemical engineering from Purdue Uni- 
versity in 1930. He started with Phillips 
Petroleum Company as a gas manufac- 
turing division engineer in Detroit dur- 
ing the same year. In 1934 he avas ap- 

ointed assistant district manager, at 
Witwaakee. and in 1935 was made dis- 
trict manager. In 1939 he moved to Chi- 
cago as district manager and manager 
of Superfuel sales and on December 1, 
1944, was promoted to manager of the 
Philgas wholesale division in Bartles- 
ville. 

Crawford obtained his Master’s degree 
in chemistry from Emory University, 





Atlanta, and his Ph.D. in chemistry 
from Yale in 1937. He started with Phil- 
lips Petroleum Company in 1943 in the 
Special Products Division, having pre- 
viously been employed as a chemist with 
Shell Tovelopatadt Company. In March, 
1944, he was made manager of the prod- 
uct development division. 


Lawrence Appointed to 
API Analytical Committee .- 


Appointment of F. I. L. Lawrence as 
ta member of the American Petroleum 
Institute Committee on Analytical Re- 
search was announced at a meeting of 
the Pennsylvania Crude Oil Associa- 
tion’s Technical Advisory Committee 
held at Warren, Pennsylvania, on Octo- 
ber 30. 

Lawrence is director of research and 
development for Kendall Refining Com- 
pany, Bradford. 


Army Developing New Fuels 
In Air Supremacy Race 


An international race for supremacy 
in the field of jet and rocket propul- 
sion, #s under way, and the Army Air 
Forces is actively engaged in explora- 
tion of petroleum, chemical and atomic 
energy fuels. 

Since the end of the war, there has 
been a definite shift in the over-all AAF 
program from conventional engines to 
jet and rocket propulsion, although -re- 
search is continuing on piston-type en- 
gines as an insurance measure and will 
continue until jet devices demonstrate 
the ability to fulfill all tasks now cov- 
ered by conventional engines. 

Besides the development of better pis- 
ton power plants and more powerful 
fuels, the AAF is also studying new 
American-designed turbojet and gas tur- 
bine - propeller combinations, advanced 
versions of pulse jet engines, ram jets, 
and rocket devices. 

Ultimate objective of the research is 
to develop sufficient power to propel 
piloted aircraft well beyond the speed 
of sound, and controlled air weapons 
many times the speed of sound both in 
and beyond the earth’s atmosphere. 


Trends of Operations and Changes in Stocks 


Figures on crude stocks are from Bureau of Mines weekly reports; all others from American 
Petroleum Institute weekly reports, which are estimates on Bureau of Mines basis. 





(All figurs in thousands of barrels—add 000) 
































Crude Oil Gasoline Gasoil nd Distillate Residual Fuel 
Trends in Preduction| Runs to Stocks | Production} Stocks |Production| Stocks | Production) Stocks 
Week Ended Daily [Stills Daily) Week End| Weekly |WeekEnd| Weekly |WeekEnd| Weekly | Week End 
—T 
1945: | 
January 27 4,727 4,756 221,310 14,957 88,223 4,843 33,561 9,252 51,119 
February 24 4,777 4,803 219,351 15,500 95,972 4,958 28,753 9,084 46,713 
March 31 4,781 4,677 223,782 14,644 98,758 4,548 26,889 9,184 41,745 
April 28 4,805 4,780 223,474 14,633 94,068 4,636 28,273 9,379 39,813 
May 26 4,887 4,950 222,831 15,194 89,121 4,667 29,184 9,670 38,548 
June 30 4,903 4,999 220,781 15,546 86,472 4,910 32,213 9,077 40,488 
July 28 4,930 4,996 218,507 16,106 86,008 4,598 36,071 9,586 42,283 
August 25 4,892 4,931 | e211,813 15,986 84,693 4,960 39,782 9,356 46,201 
September 29 4,357 3,812 222,387 11,913 79,552 3,940 43,689 7,047 46,853 
October 27 4,27 4,838 224,230 15,530 74,335 5,159 43,472 8,691 45,943 
November 24 4,469 4,648 219,363 15,681 83,184 4,802 45,258 8,800 47,474 
December 29 4,474 4,729 218,918 14,546 95,205 5,055 36,651 8,765 42,447 
1946: 
January 26 4,626 4,553 220,544 13,622 101,737 5,720 29,498 8,411 39,722 
March 2 4,726 4,779 229,430 13,871 104,462 5,888 25,148 8,634 38,441 
March 30 4,425 4,684 224,994 13,896 104,715 5,337 28,240 8,738 37,746 
April 27 4,672 4,685 224,443 14,228 99,631 5,568 30,466 9,204 39,404 
May 25. 4,759 4,857 222,214 14,322 95,769 5,463 32,973 8,908 43,368 
June 29 4,957 4,854 223,883 J 92,333 5,325 37,762 8,828 46,447 
July 27... 4,926 4,896 223,756 14,535 88,626 5,817 44,316 8,217 49,517 
August 24 4,836 4,866 225,672 14,639 86,251 5,649 51,405 8,126 52,061 
September 28 4,778 4,829 221,903 14,538 85,854 5,450 57,903 8,158 56,914 
October 4,730 4,758 221,184 14,863 86,423 5,710 65,499 7,728 60,872 



























Continental to Modernize 
Refinery at Denver 


Plans for a $4,000,000 construction 
program to enlarge Continental-Oj! 
Company’s Denver, Colorado, refiner) 
to twice its present size have been an- 
nounced. The project will include erec- 
tion of catalytic cracking and poly- 
merization units. 

Completion of the project, which is 
scheduled for early 1948, will boost 
crude-oil charging capacity of the re- 
finery to approximately 7500 barrels 
daily. Construction work will start earl) 
in 1947. 

“Continental Oil Company’s increase: 
crude oil production in the Rock, 
Mountain area, coupled with the grow- 
ing demand for our products, has made 


- this project essential,” the announce- 


ment continued. “All of the crude oil 
processed in this plant will be from 
the company’s own wells in the Rock) 
Mountain area, mainly from the Lance 
Creek and Rangeley fields and will flow 
into the Denver refinery through the 
lines of the Rocky Mountain Pipe Line 
Company which is owned in large part 
by Continental.” 

The Denver refinery was built in 1930, 
and was enlarged in 1936. The new con- 
struction program will not only double 
the size of the plant but will complete) 
modernize it, utilizing the latest equip- 
ment developed during and since the 
war, it was said. 


Michigan Cracking Plant 


Construction has been started on the 
Thermofor Catalytic Cracking unit of 
Leonard Refineries, Alma, Michigan. 
The unit is being built by Catalytic Con- 
struction Company under a sub-contract 
with Houdry Process Corporation, licen- 
sor of the process. Capacity will be 3000 
barrels daily charge. 


Weinrich to Pennsylvania U. 


Whitney Weinrich has joined the staff 
of the school of chemical engineering at 
University of Pennsylvania, Philadelphia. 
During the war he was a member of the 
refining division of PAW. Recently he 
was with Phillips Petroleum Company, 
Bartlesville, in its research and chemical 
engineering departments. ~ 


Pressure Vessel Research 


Secretary Named 


The Welding Research Council has 
announced that its Pressure Vessel Re- 
search Committee has appointed Russell 
J. Love, formerly chief engineer for 
Southwest Welding and Manufacturing 
Company, Alhambra, California, as ex- 
ecutive secretary of the committee. The 
committee has established headquarters 
at 30 Church Street, New York 7. 

Love is a graduate of California In- 
stitute of Technology, 1928. From 1928 
through 1931, he was employed by 
C. F. Braun & Company, as a research 
engineer. In 1932, he joined Southwest 
Welding and Manufacturing Company, 
and was made chief engineer in 1936, 
and assistant vice president in 1944. 
He is the author of several papers on 
Pressure Vessels, X-ray Inspection, an 
related subjects, 

The Welding Research Council, found- 
edin 1935 under the Engineering Foun- 
dation, is sponsored by the American 
Welding Society, American Institute © 
Electrical Engineers, American Inst! 
tute of Mining and Metallurgical Fngi- 
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neers, American Society of Civil Engi- 
neers, and American Society of Mechan- 
ical Engineers. The Pressure Vessel Re- 
search Committee was organized in 
1945, as an activity of the council, to 
encourage and conduct research on the 
pressure vessels, and to act as a clear- 
ing house and coordinating office for 
research information in this field. Its 
research program includes consideration 
of Materials, Design, Fabrication, and 
Inspection and Testing. Definite research 
projects in the first \three categories 
have already been started in several 
universities. The work is actively sup- 
ported by both manufacturers and users 
of pressure vessels, on a nation-wide 
basis. The Pressure Vessel Research 
Committee membership includes repre- 
sentatives of insurance companies and 
of the code-making bodies, as well as 
fabricators and users. 


Standard of New Jersey 
Names Two Directors 


William Naden and H. Janney Nich- 
ols, Jr., have been named directors of 
Standard Oil Company of New Jer- 
sey. 

Naden, manager of the company’s 
employe relations department, joined 
Colonial Beacon Oil Company in 1927 
as a chemist in its Everett refinery. 
Named superintendent of the refinery 
in 1934, he later became general super- 
intendent of Jersey refinery at Balti- 
more. During the war he served as 
Petroleum Administrator for War in 
charge of refining for District No. 1. 
In July 1944 he was made head of the 
employe relations department. 

Nichols, general manager of the sup- 
ply and transportation department, was 
first employed in the development de- 
partment in 1923. Transferring to the 
technical service division in 1927, he 
later served as assistant manager in 
ny becoming general manager in 


Gas Fuel Test Method 
Tentatively Approved 


Tentative approval of a test for the 
calorific value of gaseous fuels by the 
water flow calorimeter has been an- 
nounced by The American Society for 
Testing Materials. Description of the 
test and its history was given as: 

This new method is the first of a series 
ot testing procedures which will result 
‘rom research work extending over sev- 
eral years, carried out under the auspices 
o| ASTM Committee D-3 on Gaseous 
Fuels. The committee has sponsored a 
great deal of cooperative research at the 
National Bureau of Standards and in 
numerous other laboratories involving 
methods for determining specific gravity 
and density, water vapor content, the 
complete analysis or chemical compo- 
sition of fuels, the collection of samples, 
and calorific value. Some of this. work 
‘as involved the design of new equip- 
ment, and a large number of samples of 
luels have been distributed for round- 
robin tests in the cooperating members’ 
‘oratories to evaluate the proposed 
rocedures which were deveiopea. - 
he new methods for calorific value 

) comprise a very extensive docu- 
ment covering definition of the terms, 
the standardization of which in itself 


| 





FILE WANTED 


A complete file of PETRoLEUM 
ReFINner for 1940 through 1945 is 
wanted by Libraire de Documen- 
tation, 28 Rue Saint Dominique, 
Paris, France. 

During the war period publica- | 
tions could not be delivered, hence | 
this department of the Societe de_ | 
Productions Documentairies is 
without a complete file. 

Any subscriber to PETROLEUM 
REFINER who may: have a complete 
file for these years can do the in- | 
dustry in France a favor by mak- | 
ing the copies available. 





was an iniportant achievement, testing 
procedures which involve adjustments 
for humidity correction and control, and 
finally the calculation of the calorific 
value. This section gives discussion of 
the theory of the method of calculation as 
well as procedures for arriving at the 
total and net calorific values. 

Copies of the new and revised ASTM 
specifications will be available during the 
fall from headquarters, 1916 Race Street, 
Philadelphia 3; 25 cents each. 


API Washington Offices 
Assume More Importance 


Lack of space in New York to house 
the marketing division of the American 
Petroleum Institute will necessitate its 
location, along with the division of 
transportation, in Washington. Other 
branches of the API may follow, not 
only because of space but also in recog- 
nition of the growing importance of 
Washington as the central point for 
trade association activities. 

Broader participation of industry 
members, particularly independents, in 
the work of the API was sought by the 
directors in voting to expand the mem- 
bership on the four division committees 
by 25 percent. Under the plan, each 
committee will have 50 members, so 
chosen as to give every interest in the 
industry adéquate representation. 


Discuss Liquid Gas Fuels 
At California Meeting 


The demand for liquified petroleum 
gas products in California is expected 
to increase approximately 50 percent by 
1950, according to‘Hugh F. Colvin, con- 
sulting engineer, and C. D. Gard, Union 
Oil Company, in their paper “Economic 
Outlook for California LPG,” presented 
before the California Natural Gasoline 
Association in Los Angeles, October 11. 
Nearly 800 engineers and technical per- 
sonnel of oil and gas companies attended 
the annual fall. meeting of the associa- 
tion at the Ambassador Hotel. 


The paper by Colvin and Gard was a 
report on the promise which the LPG 
market holds as a profitable outlet for 
surplus butanes and for propane. Pro- 
pane is expected to dominate the LPG 
field during the next few years. The 
most profitable outlet for butanes is as a 
blending agent to provide front-end vo- 
latility in motor fuel. Due to the increas- 
ing finding, producing, and refining costs 
for crude oil, the authors believe that 
within 5 or 10 years it will be profitable 
to convert field-produced LPG to gaso- 
line by alkylation and catalytic poly- 
merization. 

“Fat Oil De-ethanization,” presented 
by A. M. Whistler of C. F. Braun and 
Company was a discussion of the advan- 
tages and limitations of this new method 
to increase propane recovery from 50 to 
100 percent in ‘plants designed primarily 
on the basis of butane recovery. Whistler 
described the operation of a plant in 
which the incorporation of a fat oil de- 
ethanizer had resulted in the recovery 
of 72.4 percent of the propane in the 
rich oil as a 99.5-percent-pure product. 
The de-ethanizer fractionates the meth- 
ane and ethane out of the rich oil using 
an absorption oil reflux. 


M. W. Kirbe, General Petroleum Cor- 
poration, and president of the associa- 
tion, opened the afternoon session with 
a discussion of the accomplishments of 
the association’s present committees and 
their work, and the aims and_ plans of 
the association. ‘ 


“Tentative Partial Enthalpies of the 





Speakers before the October meeting of California Natural Gasoline Association included, pictured 
left to right in front row: C. D. Gard, J. A. Richardson, B. H. Sage, E. G. Ragatz, Hugh F. Colvin; 
_ rear row, R. C. Alden, A. M. Whistler and W. N. Lacey. 
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Lighter Hydrocarbons,” given by B. H. 
Sage, W. N. Lacey and Robert H. Olds, 
California Institute of Technology. Their 
work permits computation of the en- 
thalpies of light hydrocarbon mixtures, 
both in the gas and liquid phases, by 
adding the partial enthalpies of the sys- 
tem components. Extensive tables were 
presented in their paper showing the 
contribution made to the enthalpy of a 
phase by the various hydrocarbons when 
present in the weight fraction, and -sys- 
tem pressure, and temperature’ given. 
The data cover the pressure range 0 to 
3000 psi and the temperature range 70° 
to 250° F. 

R. C. Alden, Director of Research for 
Phillips Petroleum Company, in “Con- 
version of Natural Gas to Liquid Fuels” 
said that German developments in the 
conversion of coke and brown coal to 
liquid hydrocarbons, applied to natural 
gas, would result in a motor fuel costing 
about 19 cents per gallon. A number of 
developments in the several processes, 
however, including cheap oxygen, large 
bed reactors, improved catalysts, and 
fluidized catalytic operations will prob- 
ably reduce the cost to as low as 5 cents 
per gallon, he said. These, together with 
the larger scale of American operations 
have already resulted in preliminary 
construction work on two commercial 
installations’ (Brownsville, Texas, and 
Western Kansas) and several other in- 
stallations where natural gas reserves 
and other conditions are favorable are 
anticipated. 

“Evaluation of 


Absorber 


Operating 


Efficiency” was the subject of E. G. 
Ragatz and J. A. Richardson, Betchel 
Brothers McCone Company. The au- 
thors recently have analyzed 75 tests on 
35 different commercial columns operat- 
ing at pressures ranging from 40 to 1800 
psig. From this study they have devel- 
oped an analytical technique for evaluat- 
sing absorber performance which utilizes 
an experimentally derived absorption 
factor chart in the place of the presently 
used theoretical chart, and which gives 
promise of eliminating the indecisiveness 


of the theoretical tray method. (See 
page 148.) 
Walden Speaks Before 
Chemists at Houston 

Dr. George H. Walden, Jr., Esso 
Research Laboratories of Standard Oil 


Company of New Jersey at Baton 
Rouge, Louisiana, addressed the South- 
eastern Texas Section of the American 
Chemical Society the evening of Oc- 
tober 31, at Rice Institute, Houston. 
Dr. Walden’s subject was “Coprecipita- 
tion Through Solid Solution Forma- 
tion.” 


Chemists Hear Talk 
On Patent Procedure 


“Patent Law in Relation to Chemistry 
and Chemical Engineering” was dis- 
cussed by Myron J. Burkhard of So- 
cony-Vacuum Oil Company, New York, 
before the American Chemical Society 
Texas-Louisiana Gulf Section at the 
monthly meeting on. October 21 at 
Lake Charles. The program was spon- 
sored by ACS members from the Cities 





Delayed coking unit recently completed at Torrance, California, refinery of General Petroleum 
Corporation. It has daily capacity of 13,000 barrels per day. The four coke drums are the largest 
and tallest in the world. 








Service butadiene plant, and Hugh A, 
Hamilton .served as master of cere- 
monies. The speaker was introduced by 
Dr. V. A. Kalichevsky, section chair- 
man. Burkhard, who has experience as 
a refinery technologist as well as. legal 
experience as a patent attorney, devoted 
his talk to an explanation of the form 
and wording of patents, patent rights 
and limitations, and a brief discussion 
of the historical basis for patent grants. 


Western Refiners Hear 
Desulfurization Discussions 


Desulfurization of naphthas and light 
oils occupied the aftention of refinery 
men who attended a district meeting of 
Western Petroleum Refiners Associa- 
tion at Shreveport October 11. 

M. W. Conn of Phillips Petroleum 
Company’s Perco Division talked to the 
group on the desulfurization of naph- 
thas and the reforming of naphthas by 
the Perco processes for catalytic desul- 
furization and catalytic reforming, re- 
spectively. 

Henry B. Noll of Houdry Process 
Corporation discussed recent investiga- 
tions on the feasibility of adding special 
auxiliary reaction vessels to standard 
Houdry TCC units to allow the treating 
of one or more straight-run product 
streams concurrent with normal cata- 
lytic cracking operations. 


World’s Largest Delayed 
Coking Unit in Operation 


The world’s largest delayed coking 
unit has been placed in operation at the 
Torrance, California, refinery of Gen- 
eral Petroleum Corporation. This unit, 
first of its kind since the end of the war, 
was designed and erected by The M. W. 
Kellogg Company, to prepare gas oil 
from a heavy California reduced crude. 

Embodying all the latest advances 
and completely automatic in its continu- 
ous operation, the unit’s performance to 
date has been smooth and trouble free. 

General Petroleum Corporation engi- 
neers state that operation of this service 
unit is resulting in overall increased 
yields of motor gasoline and diesel fuel 
per barrel of crude oil processed in the 
refinery, and an improvement in the 
octane rating of gasoline. At the same 
time, the overall percentage of less 
profitable fuel oil has been reduced since 
all liquid products from the delayed 
coker are lighter than fuel oil. 

The increased yield of middle distil- 
late fuel is particularly advantageous on 
the Pacific Coast because of demand 
there for railroad, marine and automo- 
tive diesel fuels. fm 

An important product of the units 
operation is a high grade petroleum 
coke, amounting to over 200,000 tons per 
year. This product is sold as a raw 
material for manufacture of carbon elec- 
trodes used in the aluminum and other 
electrometallurgical industries. 

In operation, reduced crude is heated 
to approximately 900° F., and then dis- 
charged into drums to coke by its con- 
tained heat. Although both liquid and 
vapor enter, only vapor leaves the coke 
drums, all liquid being converted to gas 
or coke. The vapors from the coke 
drums are separated in a fractionating 
tower into gas, gasoline and gasoil. 

The coke drums are the largest an 
tallest in the world, standing 97 feet, ¢ 
inches above grade. They are alloy line 
to provide corrosion resistance. Overal 
height of the unit is 197 feet. 
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FRONTIER MAKES A QUICK CONVERSION FOR 
Tucreased Yield - Higher Octane 


Gasoline production increased by 5 to 6%. Production of 150 
to 200 bbis. per day of 8214 octane polymer with a blending value of 100. 
That’s a quick picture of the operation of Frontier Refining Company’s 


new polymerization unit at the Cheyenne Refinery. 


But that’s only part of the story. This unit was converted from an 
isomerization unit, operated by the refinery during the war in 

production of high octane aviation gasoline components. After the 

war Frontier had to consider how this equipment could be 

used effectively in producing for a peacetime market. An analysis 

by UOP engineers indicated that this unit could be economically converted 
into a non-selective catalytic polymerization unit. Most of the 

existing equipment was utilized and a relatively small investment 


in new equipment was required. The results speak for themselves. 


This is a typical example of the application of UOP research, 


engineering, processes, and service to a specific refinery problem. A four way 







technique that is helping refineries all over the world find a profitable 


solution to the strict demands of their present day operations. 


UNIVERSAL OIL PRODUCTS COMPANY 


General Offices: 310 S. MICHIGAN AVE. @ CHICAGO 4, ILLINOIS, U.S. A. 


LABORATORIES: RIVERSIDE, ILLINOIS 
UNIVERSAL SERVICE PROTECTS YOUR REFINERY 
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ABSTRACTS 


prepared in cooperation with 
PETROLEUM REFINER 


by 
THE LESLIE LABORATORIES 


Traver Road, Ann Arbor, Michigan 
under supervision of 


DR. E. H. LESLIE and DR. H. B. COATS 


SCIENCE AND TECHNOLOGY 





journals are not included. 


cost by the Laboratories. 





The abstracts here presented are selected:from the current 
literature of science and technology to afford reference io 
fundamental information not easily available to all readers. 
Abstracts of articles appearing in readily obtainable trade 


Photostat copies of original articles will be supplied at cost 
by The Leslie Laboratories. Complete ov Amited bibliographies 
covering special topics by title, by abstracts, or in complete 
manuscript, will also be prepared and furnished at reasonable 








Fundamental Physical and Chemical Data 





Low-Temperature Thermal Data on 
the Five Isomeric Hexanes. D. R. 
Doustin AND H. M. HurrMan, Jour 
Amer. Chem. Soc. 68 (1946) pp. 1704-8. 


Thermal properties of five hexanes 
were studied over the temperature range 
13 to 300° K. Specific heat, heats of 
transition, heats of fusion, transition 
temperatures and triple points were de- 
termined.. Entropies at 298.16° K. of 
four of the liquid hexanes were calcu- 


lated. The hydrocarbons used in the 
work were samples. prepared by the 
National Bureau of Standards in the 


course of API Research Project No. 6. 
The hydrocarbons studied were n-hex- 
ane, 2-methylpentane, 3-methylpentane, 
2,3-dimethylbutane, and 2,2-dimethyl- 
butane. Results secured in the course 
of the work are presented in consider- 
able detail in tabular form. 


Change of Latent Heat of Vaporiza- 
tion with Temperature. G. J. Su. /nd. and 
Eng. Chem., 38 (1946) pp. 923-6. 


Two new rules for change of latent 
heat of vaporization with temperatures 
are presented, and their derivations 
given. These rules have the advantage 


Chemicals Wanted 


1-Fluoro-2,4-dinitrobenzene 
o-Hydroxybenzamide 
Any trichloronaphthalene 
p-Chlorobenzene sulfonic acid 
p-lodobenzene sulfonic acid 
Azobenzene-p-sulfonic acid 
sym Tetraphenyldibenzoy! ethane 
1,3-Diamino-2-propanol 
2-Methyl-4-fluorophenoxyacetic 
acid 
2,3-Dimethylpyridine 
2,5-Dimethylpyridine 
3,4-Dimethylpyridine 
3,5-Dimethylpyridine 
All Tri, tetra and pentamethy! 
pyridines 
Diethyl thiosulfite 
3-Amino-1-propanol 
a-H ydroxyphenazine 
Octamethylene dibromide 
Heptamethylene dibromide 
Thioindoxyl-2-carboxylic acid 
3,3-Diethyl-2,4-pyridinedione 
3,3-Diethyl-2,4-pip :ridinedione 
2,4-Dimethylpentanol 
3,3-Dimethyl-n-butanol 
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of simplicity and of general applicabil- 
ity to all liquids. The first rule may be 
stated as follows: The ratio of latent 
heat of vaporization at two equal re- 
duced concentrations of the equilibrium 
vapor expressed in terms of 7/e is the 
same for all liquids. It is believed that 
the average deviation of the points from 
the water line is less than 3 percent. 
The second rule can be stated: the ra- 
tio of latent heat of vaporization at any 
two reduced temperatures is the same 
for all liquids. The author also notes 
that it is true that the ratio of Trout- 
on’s constant L/T at any two equal 
reduced temperatures is the same for 
all liquids. Charts are presented show- 
ing the change of latent heats of va- 
porization with temperature and with 
pressure. All substances conform to the 







curves of these charts to within an avy- 


erage deviation of less than 3 percent. 


The System Cyclopentane-Neohexane- 
Aniline. K. T. SHERTIJAN, R. A. Spurr Anp 
L. C. Grpsons. Jour. Amer. Chem. Soc. 
68 (1946) pp. 1763-4. 

The possibility of purifying commer- 
cial cyclopentane by extraction with 
aniline led to a study of the ternary 
system  cyclopentane - neohexane - ani- 
line. The boiling points of the hydro- 
carbons are so close together that puri- 
fication by distillation is not feasible. 
The ternary system was _ investigated 
experimentally at 15° and 25° C. Data 
for the solubility curves and for the 
composition of the conjugate liquids 
and the phase diagrams were deter- 
mined and are given. These data are 
presented in tabular form and trian- 
gular diagrams are given showing the 
solubility and composition of the phases. 





Chemical Compositions and Reactions 





Oxidation and Anti-Oxidation. FE. A. 
Evans. Jour. Inst. of Petroleum, 32 (1946) 
pp. 392-99. 


The author reviews the subject of 
the oxidation of the hydrocarbons, con- 
sidering various possible mechanisms. 
Pro-oxidants are briefly discussed, and 
the development of anti-oxidants, in- 
cluding the amines, phenols, and even 


sulfur compounds. A bibliography of 
31 references, mainly patents, is in- 
cluded. 


A Review of the Mechanism of the 
Oxidation of Liquid Hydrocarbons. P. 
GEorGE AND A. Rosertson, J. Inst. of Pe- 
troleum, 32 (1946) pp. 382-91. 


In the oxidation of liquid hydrocar- 
bons the primary intermediate is a 
peroxide. If a C-H bond is attacked a 
hydroperoxide is formed. Conjugated 
olefins yield ring peroxides by 1:4 addi- 
tion of the oxygen, and also more com- 
plicated polymeric peroxides. Polycyclic 
aromatic hydrocarbons give transannular 
peroxides. After the primary formation 
of a hydroperoxide the course of the oxi- 
dation is governed by the decomposition 
of this substance. Although this is a com- 
plex reaction there is much evidence that 
the ketone is the key decomposition 
product from which the more highly 
oxidized compounds are derived. Hy- 
droperoxide formation in both the chem- 
ical and catalysed reactions proceeds 
by a chain mechanism. While the cata- 


lysed reactions involve free radicals 
as the chain carriers, there is some 
evidence that in the thermal reaction 


the chain carriers can be free radicals 
or energy-rich molecules, depending on 
the particular hydrocarbon oxidized. In 
the uncatalysed oxidation the autocata- 
lytic increase in the rate is caused by 
a hydroperoxide catalysed reaction de- 
veloping side by side with the thermal 
oxidation. This phenomenon ‘has _ been 
observed in many gas-phase chain re- 
actions and is known as degenerate 
chain branching. A bibliography of 15 
references is included. 


The Influence of Structure on the 
Oxidation Reactivity of Hydrocarbons. 
P. Georce AND A. Rosertson. Jour. Inst 
of Petroleum, 32 (1946) pp. 400-07. 


In a consideration of the oxidation 
of oil it is of value to know the relative 
rates of oxidation and the nature 0! 
the final reaction products formed from 
the various types of hydrocarbons. The 
oxidation of cyclohexenes, tetralin, and 
ethyl linoleate is first considered be 
cause these readily form hydroperox- 
ides. The point of attack in a hydro 
carbon is invariably the weakest car- 
bon-hydrogen bond and the rate 0 
oxidation is roughly dependent on the 
strength of that bond. Hydrocarbons 
differ markedly in their response © 
different ‘metallic catalysts. Copper 
stearate, for instance, is an excellent 
catalyst for tetralin, but very poor one 
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Girdler’s complete service expedites the answer 


to your Gas Processing problem 


If you need a gas processing plant, 
your worries are over when you 
give the job to GIRDLER. 

From principle to practice— 
from laboratory work until the 
plant is in operation and you know 
all about how to use it—this qual- 
ified, responsible organization 
handles every step of the job. 
There are no missing links. The 
entire job is done right, in the 
right time, at a fair price. 


GET GIRDLER ON THE. JOB 
AND GET IT DONE RIGHT 


For example ... the Girbotol 
Process for removal and recovery 
of the acidic gases... GIRDLER 
originated it in principle. And, 
following through with outstand- 
ing engineering achievements in 
the field, GIRDLER has built more 
actual plants of this type than 
any other organization. 

GIRDLER’sS complete follow- 
through applies to all industrial 
gas processes. 


CHEMICAL 
ENGINEERS 
AND 
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GIRDLER-planned and GIRDLER- 
built gas processing plants serve 
most of the big names in industry. 

This includes processes for gas 
manufacture, purification, sep- 
aration, and dehydration—proc- 
esses involving hydrogen sulphide, 
carbon monoxide, carbon dioxide, 
inert and controlled atmospheres, 
natural gas, refinery gases, liquid 
hydrocarbons, hydrogen, and 
nitrogen. 


The GIRDLER CORPORATION 


Gas Procgsses Drvisi0n, Louisville 1, Kentuck 
District Offices: 150 Broadwey, New York 7, N. Y. 


2612 Russ Bidg., San Francisco 4, Calif. 
311 Tuloma ., Tulsa 3, Okla. 








This Is MARION, INDIANA 
Another 100% Layne City | 


—Marion, a busy, progressive and forward 
looking city of east central Indiana gets its 
entire water supply from Layne Well Wa er 
Systems. And taking a tip from the city are a 
brewery, a food processing plant, a radio 
and television station, two meat packers, a 
military home, a wire and rubber manufac- 
turer, a glass company, a laundry and a wire 
and cable company—all of whom have their 
own individual Layne Water System plants. 


—Seldom does an industrial product enjoy 
such dominating preference as is accorded 
to Layne Well Water Systems by Marion City 
and Factory executives. Such preference was 
earned -through recognized reputation of su- 
perior quality and basically sound operation 
economy. 





—Layne Well Water Systems are known to | 
be the best that specialized engineering re- 
search can produce—and the best that Amer- 
ican dollars can buy. For late catalogs and 
illustrated literature address Layne & Bowler, 
Inc., General Offices, Memphis 8, Tenn, 


HIGHEST EFFICIENCY 


Layne Vertical Turbine pumps are available in 
sizes to produce from 40 to 16,000 gallons of 
water per minute. High efficiency saves hundreds 
of dollars on power cost per year. 


AFFILIATED COMPANIES: Layne-Arkansas Co., 
Stuttgart. Ark. * Layne-Atlantic Co., Norfolk, 
Va. * . Layne-Central Co.. Memphis, Tenn. * 
Mishawaka, Ind. * Layne- 


Layne-Central Co., 
La. * Louisiana 


Louisiana Co., Lake Charles, 
Well Co., Monroe, La. * Layne-New York Co., 
New York City * Layne-Northwest Cc., Mil- 
waukee, Wis. * Layne-Ohio Co., Colurmbus, Ohio 
* Layne-Pacific, Inc., Seattle, Wash. * Layne- 
Texas Co.. Houston, Texas * Layne-Western Co., 
Kansas City, Mo. Layne-Western Co. of Minne- 
sota, Minneapolis, Minn. * International Water 
Supply Led., London, Ontario, Canada * Layne 
Hispano Americana, 8. A., Mexico, D. F 


WELL WATER SYSTEMS 
VERTICAL TURBINE PUMPS 
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for long-chain paraffins. Cobalt and 
iron  stearates are equally good for 
both. Typical examples to illustrate the 
point are given. An inhibitor of oxida- 
tion can function in two ways: first, by 
reacting with the chain carrier and 


second, by reacting with the catalyst in a 
catalyzed reaction. The problem of the 
oxidation of oils in actual use is ex- 
ceedingly complex. Some of the facts 
that need to be known are listed and 
briefly discussed. 





Manufacture: Processes and Plant 





Two-Phase, Two-Component Flow in 
the Viscous Region. R. C. MArtTINELLI, 
J. A. Putnam anv R. W. LockHart. 
Trans., AI.ChE., 42 (August 1946). pp. 


| 681-705. 


An analysis for two-phase, two-com- 
ponent flow in tubes when both gas and 
liquid phases are flowing consistently 
is presented. Experimental data were 
taken for the ffow of air and oil in 
capillary tubes and verify the analysis 
and allow predictions of the two-phase, 
two-component viscous-viscous pressure 
drop for other similar flow systems. 
The angle of the tube with the hori- 
zontal has no effect on the pressure 
drop. The data presented in the paper 
are considered in relation to available 
data for two-phase, two-component flow 
through porous media. Data for flow 
in the two situations are shown to be 
comparable and the data for the capil- 
lary tubes are believed to be a special 


| case of flow through a porous medium 


that has very high permeability. 


Plate Efficiency of Fractionating Col- 


| umns and Absorbers. H. E. O’ConneLL. 


Trans., A.I.Ch.E., 42 (1946) pp. 741-55. 


The plate efficiency of fractionating 
columns and absorbers is correlated as 
a function of feed viscosity and the 
relative volatility of key components. 
The relationship was developed from a 
consideration of test data from 29 com- 
mercial columns and 5 laboratory col- 
umns reported in the literature and 
from test data on 3 commercial col- 
umns not previously reported. The cor- 
relation of Walter and Sherwood for 
laboratory plate absorbers, which ex- 
presses the plate efficiency as a func- 
tion of viscosity and Henry’s law con- 


| stant, has been simplified and compared 


with the efficiency observed in com- 


| . rr . 
mercial absorbers. The correlations are 


suitable for use in determining the 


| plate efficiency in the design of com- 


mercial fractionating columns and ab- 
sorbers. The data used are presented 
in considerable detail in three tables, 
and the accuracy of the correlation is 
shown in two figures. Relationship of 
plate efficiency and viscosity of feed 
is illustrated in figures. A bibliography 
of 23 references is included. 


Projection of Laboratory Reaction 
Velocity Data Into Commercial Design. 
J. H. Hirscu, C. L. Crawrorp, anv C. 
Hottoway, Jr. Ind. and Eng. Chem., 
38 (1946) pp. 885-90. 

The author notes-that in the last 50 
vears there has been a marked increase 
in the utilization of pilot plants as an 
aid to the design of commercial equip- 
ment. Although pilot plants have been 
useful, they have often posed as many 
new problems as they have solved. Fre- 
quently the results are expanded as 
much as 10,000 fold. The interpretation 
and correlation of the data present prob- 
lems of great difficulty, the problems 
of knowing what to ask for from the 


pilot plant and what to do with the 
data when they have been obtained. A 
typical problem of this type is the pro- 
jection of laboratory reaction velocity 
data for thermal cracking into commer- 
cial cracking furnaces. The literature 
contains many references to reaction 
velocity data on the thermal decomposi- 
tion of various compounds ‘and petro- 
leum fractions. However, there appears 
to be’ little published information on 
methods of using these data in the de- 
sign of commercial cracking furnaces, 
in which furnaces substantial pressure 
drop frequently occurs simultaneously 
with changes in temperature and com- 
position. The authors present a method 
for use in this case, together with equa- 
tions for calculating reaction velocity 
constants from laboratory or pilot-plant 
data. These constants can be used, in 
the procedure given, to design commer- 
cial equipment or to check proposed 
operations on existing units. Reaction 
velocity data for naphtha-propane mix- 
tures are given and a sample calcula- 
tion is presented. 


Isomerization of Light Hydrocarbons. 
S. F. Perry. Trans., AJ.Ch.E., 42 (1946) 
pp. 639-47, 

Isomerization processes were devel- 
oped co-operatively by the _ technical 
staff of Anglo-Iranian Oil Company 
and Standard Oil Development Com- 
pany. The processes included the use 
of a highly selective solid catalyst 
which was AICl, adsorbed on bauxite, 
and included the use of a_ technique 
for maintaining the activity of the cata- 
lyst by the introduction of fresh AICl 
along with the feed. Plants have been 
built ranging in capacity from 600 to 
3600 barrels of isobutane per day, the 
combined capacity amounting to ap- 
proximately 25,000 barrels per day. A 
typical plant is described and a flow 
sheet presented. Some of the major op- 
erating difficulties encountered are dis- 
cussed. Isomerization of normal butane 
was. effected in the vapor phase at a 
temperature of about 250-300° F. and 
a pressure of 200-250 psi. A service fac- 
tor of about 90 percent was had in the 
operation of the plant. The purity ol 
the feed -stock is most important, the 
olefin content of the feed being particu- 
larly critical, concentrations of higher 
than 0.01 percent causing the degrada- 
tion of the AICI, to sludge and thus 
deactivating the catalyst and tending 
to plug the bed. 150-200 gallons of iso- 
butane per pound of AICI, charged 
was a typical yield, and as high as 
1000 gallons was obtained under very 
favorable conditions. 


Some Developments in the Refining 
of Transformer Oils. J. C. Woop-Mat- 
Lock. J. Inst. of Petroleum, 32 (1946) pp. 
365-81. 

Transformer oil, since it is required 
to act simultaneously as a di-electri¢ 
and as a coolant, must pdssess many 
mutually incompatible properties an 
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FOR OIL REFINERIES 
IROUND THE’ WORLD 


Designed specifically to conform with process requirements, The 
BIRMINGHAM ROTARY DRUM VACUUM FILTER has become 
standard equipment for solvent dewaxing units. 


To date, 76 Birmingham continuous Vacuum Filters, fitted with 
vapor-tight hoods, have been installed in oil refineries for the de- 
waxing of oils, making an over-all total Filter area of 34,000 square 
feet. Filters now in manufacture will increase this Filter area by 
7,500 square feet. 
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the final product is invariably a com- 
promise. Required properties of trans- 
former oils are listed. These are dis- 
cussed in relation to viscosity, volatility, 
thermal conductivity, specific heat, spe- 
cific inductive capacity and freezing 
point. The effect of refining methods on 
the finished oils is discussed. Although 
the sludge-forming tendency of a given 
oil can. be reduced greatly by increas- 
ing the quantity and strength of the 
sulfuric acid used in refining, the in- 
variable result of this is a correspond- 
ing increase in the tendency of the oil 
to form acidic degradation products. In 
such highly refined oils the tendency in 
oxidation is toward soluble acids rather 
than insoluble condensation products, 
This results from the removal of the 
aromatic sulfur compounds. By re-in- 
troducing such sulfur compounds in 
controlled quantities retardation of the 
| acid formation can be achieved, The 
| induction period of oxidation can be 
increased by using small amounts of 
aryl amine. The effect of such com- 
| pounds, however, can be neutralized by 
powerful pro-oxidants. Removal of such 
pro-oxidants is an essential part of the 
refining process. Calcium sulphonate is 
such a substance and, must be carefully 
removed. It is apparent that present 
commercial specifications, concerned as 
they are with the sludging aspect of 
oxidation, allows the production of oils 
of widely varying characteristics in 
other respects. Further limitations should 
be included. 
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The Shell Vapor-Phase Isomerization 
Process for the Production of Isobutane. 
H. A. CHENEY AND C. L. Raymonp 
Trans. Am. Inst. Chem. Engrs., 42 (1946), 
595-610. 


The authors describe a vapor phase 
process for the catalytic conversion 
of normal butanes to iso-butanes using 
anhydrous aluminum chloride adsorbed 
on a granular alumina support as the 
i isomerization catalyst material. Anhy- 
i drous HCl is used as a catalyst pro- 
' moter. The reaction is effected in the 
: vapor phase at 200-300° F. and at a 
1 


® pressure of 150-206 psig., under which 

— RED INDEX shows the highest | conditions an seamen conversion of 
40-45 percent is obtained. Performance 

or lowest temperature reached! | data from three commercial plants are 

given. A flow chart is presented, the 

operation of the process is explained 
and the manufacture of the catalyst 
‘ ‘ from natural alumina and aluminum 
Simply swing the red index to the low side of the temperature pointer, and | chloride is described. The effect of the 


4 : incip< acti rari im- 
the index will nove to the lowest temperature reached, and remain there | ee is he Toa rhe tga! yee 
until manually reset. For highest temperature record, simply swing the red| The operating data given cover a six- 

4 : : months period. The feed stock used 
index around to the high side of the pointer. should be essentially free of olefin, sul- 
fur, mercaptan, hydrogen sulfide and 


The index movement in no way impairs the guaranteed high accuracy of} water. Pentanes should be removed 
from the normal butanes because they 


the WESTON Thermometer. decompose more readily than butane 
and this leads to short catalyst lile 


Thus the WESTON Maximum-Minimum Thermometer provides, at only, The feed should not contain isobutane 
since the isomerization reaction 1s fe 


slightly above ordinary thermometer prices, a means of obtaining high or versible. A bibliography of 7 reference 

low temperature records on equipment or processes where these extreme is included. 

temperatures are critical. Ideal for transformers, sterilizers, ovens, chemical; The Isomate Process. J. E. SwEArl’ 

equipment, food processing, etc. For complete information, consult your) “* ®. : Seger yy - es 2 
are | WANDER. /rans. AJ.CHE., ; ; 

nearest WESTON representative. 573-93. 


The isomate process is a method 
converting low-octane-number pentanes 


WESTON ELECTRICAL INSTRUMENT CORP ORATION and hexanes into isomers of higher a 


tane number and volatility. A liqu 
617 Frelinghuysen Avenue, Newark 5, New Jersey aluminum chloride - hydrocarbon com 
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If you are designing or 
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building refinery equipment . . . 
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UCCESSFUL fabrication with Stain- 
S less Steel needs exact methods. 
But these methods are difficult only 
when operations are inordinately 
severe or where an unusual alloy has 
had to be selected to withstand un- 
usually severe conditions. In over 
99% of the cases, Stainless Steel fab- 
rication is not difficult . . . it is just 
different. 

In this authoritative textbook, 
just off the press, these differences in 
fabricating techniques are thoroughly 
discussed. 

Here in practical form are assem- 
bled the very latest findings on Stain- 
less Steel welding, riveting, soldering 
and joint design—on machining, cut- 
ting, forming, annealing and pickling 
—on surface finishing and protection. 

Here are listed for handy reference 
the various U-S-S Stainless Steels 
we produce—their physical proper- 
ties and chemical compositions— the 
forms and sizes in which they are 
available—their resistance to various 
reagents. 

This book is FREE—send for your 
copy. Use it as a guide to successful 
workmanship. And when unusual 
conditions confront you, ask for the 
assistance of our Stainless Steel 
specialists. 





U°S°S STAINLESS STEEL 


AMERICAN STEEL & WIRE COMPANY, Cleveland, Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 


TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 
United States Steel Supply Company, Chicago, Warehouse Distributors 
























Best Welding Practice 










Pointers on Polishing 









Facts about Forming’ 








Soft and Hard Soldering 











We can supply U-S-S Chrom- 
ium Nickel and Chromium 
Stainless Steel not only in many 
different analyses but in the 
widest, most complete range 
of forms, sizes and surfaces 
finishes anywhere obtainable. 
Our engineers are specialists in 
solving new and unusual prob- 
lems in the use of Stainless. 






COLUMBIA STEEL COMPANY, San Francisco 
NATIONAL TUBE COMPANY, Pittsburgh 











United States Steel Export Company, New York 
































































Packing for Lab. Columns 
Up to Giant Towers 


Pictured above are four popular types of Knight-Ware 
Tower Packing. The partition and spiral rings are made of 
acid-proof stoneware. The Berl Saddles and Raschig Rings are 
made in stoneware and porcelain. These shapes and sizes 
provide a quality tower packing for nearly every chemical use. 


All Knight-Ware Tower Packing is made from selected, 
washed and de-aired clays. Each type will withstand severe 
acid service, has a high crushing strength and will not spall. 
The one-inch Raschig Rings, for example, have shown an 
average of 125 lbs. in break tests. 


Both Knight chemical stoneware and porcelain packings 
are dense but not glassy. When desired, porous packings can 
be made of either material. 


Because of their large effective surface area, low resistance 
to flow and high loading capacity, the most popular all-purpose 
tower packing is Knight-Ware Berl Saddles. These are available 
in 4%", ¥2”, 34”, 1” and 1)” sizes. 


MAURICE A: KNIGHT + 80 Kelly Ave., Akron 9, Ohio 


[MAURICE A_KNIGHT] 








plex promoted with anhydrous HC is 
used as a catalyst, and hydrogen is 
added to repress cracking and to main- 
tain high catalyst activity. Conversion 
is anesmuplidtied by passing liquid hy- 
drocarbon charge in a dispersed phase 
through the catalyst complex. Preferred 
reaction conditions are 240-250° F. and 
700-800 psi. pressure. When using a 
feed stock of about 65 octane number 
one-pass isomate operation yields &° 
CFR-M unleaded ocane-ethaline prod- 
uct. By separating low-octane-number 
pentanes and hexanes, a product of ap- 
proximately 91 unleaded octane num- 
ber can be produced. Liquid yields are 
essentially 100 percent. A plant of 5000 
barrels per day was built and operated 
at Whiting and one of 1750 barrels per 
day at Salt Lake City, Utah. The au- 
thors describe the arrangement of the 
plant, the operating procedure and op- 
erating difficulties encountered and give 
the properties of the. various products 
produced. 


Hydroforming for Production of 
High-octane Motor Fuel. L. R. Hint, G 
A. Vincent AND E. F. Everett. Trans 
AI.Ch.E., 42 (1946) pp. 611-37. 


Although hydroforming has been used 
commercially in 8 plants, few data on 
these plants were published because of 
their use during the war for the pro- 
duction of toluene and aviation-gaso- 
line blending components. The hydro- 
forming process converts low-octane 
naphthas into stable high-octane motor 
gasoline by means of dehydrogenation 





| and cyclization. The catalyst used is 


molybdena-on-alumina at temperatures 
of 900-1000° F. and pressures of 150- 
300 psig., all in the presence of a high 
partial pressure of hydrogen in the re- 
action zone. Since hydrogen is a prod- 
uct of the reaction, it is possible t 
maintain a high hydrogen concentration 
in the gas stream recycled to the re- 
actor with the feed. Hydroforming units 
have four reactors, two of which are in 
series on reaction and two in stages ot 
regeneration. Regeneration of the cata- 
lyst is required because of a small de- 
posit of carbon and also partial reduction 
of the metal of the catalyst. The carbon 
is burned and the catalyst reoxidized 
by combustion in a stream of air greatl) 
diluted by cooled and recirculated flue 
gas: The reaction products are recov- 
ered and fractionated in a four-towe! 
system which produces a_ hydrogen- 
containing gas, a highly aromatic “poly- 
mer” boiling about 400° F., and depro- 
panized 400° F.-end-point gasoline. The 
gasolines made by hydroforming are ot! 
low olefin content and low sulfur con- 
tent. They have low vapor pressure, 
high clear octane number and _ high 
lead susceptibility. Yields of 78-80 per- 
cent by volume of 80 CFR-M octane 
gasoline are obtained. When operating 
at a lower octane level it has ben pos- 
sible by blending in extraneous butanes 
to raise the vapor pressure of theefin- 
ished gasoline and to obtain a yield, 
based on feed, of 100 percent 68.8-oc- 
tane gasoline that can be ethylized to 


| 80-CFR-M-octane number product using 


1.5 cc of TEL. The data are presented 
in considerable detail in.tabular ané 
graphical form. 


Hydrogen Sulfide from Sulfur Dioxide 


| and Methane. W. Wacker. /nd. and Eng 
Chem., 38 (1946) 906-12. 


The purpose of the work was to im 
vestigate the conditions and reactions 
involved in the production of hydrogen 
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Where Rustable Conduit Fails in months 


This concentration of Everdur Electrical Conduit 
and Everdur fittings at left is located in a moist 
alcove between cooling towers, yet shows no evi- 
dence of corrosive attack. 


















U0 
























Everdur Electrical Conduit installation at the 
Torrance Refinery of General Petroleum Cor- 
poration ofter 8 years service in corrosive at- 
mosphere. 









of A GOOD EXAMPLE of the ability of 
Everdur* Copper-Silicon Alloy to with- 
stand severe corrosion is this conduit 
installation of the Torrance Refinery of 


General Petroleum Corporation. 


o- Because corrosion-resistant materials 
Mee were not available, several installations 
of ordinary conduit were made during 
the past five years. In the vicinity of the 
a cooling towers, the action of spray from 
: chemically treated water is so severely 
. corrosive that one such installation was 


ts replaced twice in two years. 


; How does Everdur Electrical Conduit 
ot stand up under such conditions? This 
durable material installed eight years 


I ago shows no effects other than discolor- 





ation. Accordingly, General Petroleum 


now has definite plans for replacing cor- 


roded conduit with Everdur. 46194 





‘Reg. U.S. Pat. Off. 





n- = oA 
- COPPER & COPPER ALLOYS 
THE AMERICAN BRASS COMPANY 


General offices: Waterbury 88, Connecticut 


Subsidiary of Anaconda Copper Mining Company 


In Canada: ANACONDA AMERICAN BRASS LTD., 
New Toronto, Ont. 











November, 1946—A Gulf Publishing Company Publication 





This is how the 


BLAW-KNOX 
seguatomée 


FOG NOZZLE 
FIGHTS FIRE 





atomic Fog Nozzle’ 
§ of atomized water pa 
j force enough to reac! 
of the fire in spite 
e@ ond drafts. 


same time, these particles 
gh to give a maximum & 
und quenching effect, and af 
separated as to prevent 
of electric currents. 


spray pattern is maintained 
reduced pressures. Clear 
ges in the nozzle prevent clogg 


) BLAW-KNOX 


* 


| ture. P. W. L. 


sulfide from sulfur dioxide and methane, 
particularly the effect of temperature on 
the yield and rate of reaction, and the 
effect of contact time. The ratio of re- 
actants, SO; divided by CH,, is an im- 
portant factor in determining the yield 
of hydrogen sulfide and other reaction 
products. The rate of the over-all re- 
action within the range 850-1000° C. is 
controlled by the rate of reaction or 
decomposition of methane. The effect of 
temperature on the over-all rate is ap- 
preciable and the yield of hydrogen sul- 
fide increases with temperature. The ef- 
fect of space velocity within the range 
studied at temperatures of 850-1000° C. 
appears to be negligible. In the mixture 
of reactants the ratio of CO: to CH, is 
defined as N. Sulfur formation is en- 
countered either at high values of N, 
high rates of flow, or low temperature. 
At N=0.5, in the temperature range 
850-1000° C., and flow rates’ V/V. of 
660-1320, high yields of hydrogen sul- 
fide can be produced by the reaction of 
sulfur dioxide and methane. At 1000° C. 
and V/V. of 880, the value of "N can 
be varied from 0.5 to 1.0 without af- 
fecting hydrogen sulfide yield. The data 
are presented in considerable detail in 
6 tables, and 6 figures, and a bibliog- 
raphy of 24 references is included. 


Valve Characteristics in Automatic 
Control. S. D. Ross. Jnd. and Eng. Chem. 
38 (1946) pp. 878-84. . , 


The selection of the best valves for 
control work depends upon factors o1 
the process and of the system of piping 
in which the valve is used. The selec- 
tion of the best valves therefore is de- 
pendent upon data that only the process 
engineer can supply. Important consid- 
erations in the selection of required 
valve characteristics are considered as 
well as the various characteristics that 
are adapted to the control of processes 
of different types. The control valve is 
located in a system o! piping and pres- 
sure drop through the valve is only a 
part of the total pressure drop through 
the valve and piping. The pressure drop 
through the piping therefore has an ef- 
fect on the valve characteristics and 
thus upon the nature of control effected 
through the use of the valve. The ar- 
ticle is an effort on the part of an in- 
strument engineer to make clearer to 
the process engineer what the instru- 
ment man must know to serve the 
process engineer more intelligently in 
the selection of valves and equipment. 
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Sludging Value of Transformer Oil. 
Influence of Condenser Water Tempera- 
GOSSLING AND J. ROMNEY. 


| Jour. Inst. of Petroleum, 32 (1946) pp. 


424-33. 


The author calls attention to the fact 
that in the British standard test, I.P 
56/45, the temperature for the inlet 
water to the condenser is specified as 
within the limits 15° C. to 20° C. It is 
shown that the influence of condenser 
water temperature on sludge value is 
such. that the permissible variation of 
this factor in the standard method is in 
itself sufficient to make possible rela- 
tively large differences in the sludge 
values obtained. The adoption of new 
limits for condenser water temperature 
would result in a considerable improve- 
ment in precision. The condenser-water 
temperature also influences the acidity 
development during the test. The 
method of controlling the condenser- 
water temperature in the author’s labora- 


| tory is illustrated and described and the 
| different sludge values obtained at differ- 


ent condenser-water temperatures for a 
series of oils is presented. 


Effect of Polymolecularity on Defor- 
mation of Butyl Polymers. R. L. Zapp 
AND F. P. Batpwin. Ind. and Eng. Chem., 


| 38 (1946) 948-55. 


SPRINKLER DIVISION © 


832 Beaver Avenve, N. S., 
Pittsburah 12, Penna. 


| 


By using butyl polymers that are rela- 
tively stable and readily separated into 
narrow molecular weight components, 
the effect of molecular-weight distribu- 
tion in deformations at constant load 
and constant rates was studied. The ex- 
tent of molecular-weight heterogeneities 
in elastomeric materials profoundly af- 
fects the deformation behavior of such 
polymers. At constant viscosity and av- 
erage molecular weight, broadening the 
molecular-weight band results in a less 
thermoplastic polymer. A method was 
developed for’ isolating the elastic and 
plastic or viscous components of de- 


‘that the 


' 
formation under constant load. Under 
snecific conditions of constant load at 
40° C. variations in molecular-weight 
distribution, for a given average mole- 
cular weight, resulted in variations in 
high elastic deformation while the vis- 
cous component remains constant. Thus, 
increasing the molecular-weight distri- 
bution for a given viscosity - average 
molecular weight tends to yield a softer, 
more elastic polymer. For a given vis- 
cosity-average molecular weight, the 
viscous deformation remains independ- 
ent of molecular weight distribution, 
whereas elastic deformation is directly 
related to the molecular property. 


The Sludge Test for Transformer Oils. 
C. H. Barton. Jour. Inst. of Petroleum, 
32 (1946) pp. 408-13. 

The test generally used in Great Brit- 
ain for controlling the stability of trans- 
former oils to oxidation is the Institute 
of Petroleum’s test, I.P. 56/45 or sludg- 
ing value, which is essentially the same 
as the test known as the B.S.I. Sludge 
Test. In this test the oil under exami- 
nation containing copper foil is held at 
150° C. for 45 hours, and a current of 
dry, purified air is passed through the 
oil at a controlled rate. At the conclu 
sion of the oxidation treatment the per- 
centage of solid oxidation products— 
the so-called sludge—insoluble in light 
petroleum spirit, is determined. Grade 
A oils should give a sludge value of not 
greater than 0.1 percent, and Grade B 
oils not greater than 0.8 percent. The 
test has been criticized on the basis 
test temperature is too h 
and no account is taken of the develop- 
ment of acidity, the increase in viscos 
ity, or other changes that take place 
a result‘of oxidation. The author indr 
cates that. a third criticism should be 
brought against the method, namely, 
that the test suffers from poor repro 
ducibility. Experience with the sludge 
test is reviewed historically. It appears 
that the reason for all this lies not ™ 
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halts Rust-Producing 
ELECTRO-CHEMICAL ACTION 





No other protective paint for metal has ever 
known such wide acceptance by industry, 
through the years, as Red Lead. And re- 
cent scientific research has disclosed that 
Red Lead’s outstanding performance re- 
sults from basic characteristics of the pig- 
ment itself. 


Not the least important of these is the ability 
of Red Lead to halt electro-chemical ac- 
tion — the fundamental cause of rusting. 


In this action weak currents are generated, 
due to physical and chemical differences 
in the metal and to other factors. These 
lead to corrosion of the iron. 


These factors are always present, but their 
effects are eliminated by Red Lead. 


Here’s what happens: Red Lead, because of its 
singular composition, possesses properties 
which enable it to form a compact, tightly 
adherent, protective film, located at the 
interface of the metal and the paint coat- 
ing. See cross section diagram above. 


This film—-so thin that it is not apparent 
to the human eye— is in very intimate con- 
tact with the metal, and its formation halts 
electro-chemical action — and the corro- 
sion of the metal. 


Once formed, it is essential that the continuity 
of the film be maintained — if the shield 
is to be effective. When Red Lead pig- 
mented paint is used, any small breaks in 
the protective shield, due to abrasive ac- 
tion or otherwise, are readily healed. The 
metal remains in a rust-inhibited condi- 
tion as long as Red Lead coats the surface. 


A Gulf Publishing Company Publication 





RED LEAD PAINT 
= PROTECTIVE BARRIER 


J]uuuUU-u»’» METAL 


The invisible safeguard against corrosion 
This diagram shows the interfacial film, located at 
the metal and paint-film interface. The formation 
and the maintenance of this shield by Red Lead 
halts electro-chemical action ... safeguards the 
metal against rust. 














Specify RED LEAD for All Metal Protective Paints 


The value of Red Lead as a rust preventive 
is most fully realized in a paint where it is 
the only pigment used. However, its rust- 
resistant properties are so pronounced that 
it also improves any multiple pigment 
paint. No matter what price you pay, you'll 
get a better paint for surface protection 
of metal, if it contains Red Lead. 


Write for New Booklet “Red Lead in Corrosion 
Resisting Paints” is an up-to-date, authorita- 
tive guide for those responsible for specifying 
and formulating paint for structural iron and 
steel. It describes in detail the scientific rea- 
sons why Red Lead gives superior protection. 
It also includes typical specification formu- 
las. If you haven’t received your copy, address 
nearest branch listed below. 


* * * 


The benefit of our extensive experience with 
metal protective paints for both underwater 
and atmospheric use is available through our 
technical staff. 


NATIONAL LEAD COMPANY: New York 6; Buffalo 8; 
Chicago 80; Cincinnati 3; Cleveland 13; St. Louis 1; San 
Francisco 10; Boston 6, (National Lead Co. of Mass.); 
Philadelphia 7, (John T. Lewis & Bros. Co.); Pittsburgh 
30, (National Lead Co. of Pa.); Charleston 25, W. Va. 
(Evans Lead Division). 


Reg. U. 8. Pat. Off. 


Kied Lead 











details of technic, materials and appa- 
ratus, but in the specified conditions of 
the test. The author is of the opinion 
that the test should either be abandoned 
or completely revised. 


Oxidation Tests for Transformer Oil. 


A. A. Potuitr. Jour. Inst. of Petroleum, 
32 (1946) pp. 414-23. 

American, British and the chief Eu- 
ropean procedures for carrying out oxi- 


about this dation tests on mineral insulation oils 


are described and criticized. None of 


GREAT NEW , « / the present standard tests is regarded as 


satisfactory and none are suited for in- 


THERMOMETER ee vestigational work. 





WY 4 DON’T expect your temperature to rise, but i 
frankly, everyone’s excited about the new Palmer BOOK REVIEW 
Extruded Brass Case Thermometer. Never, since 

: : “ H Scientific Instruments 
the introduction of the now-famous Red-Reading- Edited by Herbert J. Cooper, Head al 
Mercury” by Palmer, have such exclusive and im- Engineering Department, South-West 
portant advantages been offered to industry. So Essex Technical College and School of 


you'll have to excuse our pride . . . pride in the Pte Cntony Tae Brooklya 
new thermometer and in the Palmer technicians 2, New York. Price, $6.00. a 
who have produced this outstanding develop- | _ This book discusses a wide range of 

: instruments designed for making physi- 
ment. The skill, knowledge and long, hard work of | ..) measurements, having sections cov- 
our engineers have resulted in another Palmer | ering optical instruments, measuring in- 


“first.” Frankly, we're proud and here's why :— struments, navigational instruments and” 

| surveying instruments, liquid testing, 

| and a section termed “miscellaneous” 

EXTRUDED BRASS CASE — Completely new design assures | with material on acoustics, calculating 

greater visibility, longer service. machines, hardness" indicators, vacuum’ 

MUCH LARGER READING SCALE—New case design in- | {ubes.and thermionic valves. The Boos 
creases readability, eliminates waste space, permits a full and it is believed that many readers in Mae 

one-piece reading scale. |- non-professional fields as well as work- 


GREATER PROTECTION TO TUBE — Double strength, non- | ers in specialized fields as physics and . 
rattling glass shield and V-shape case design prolong tube | chemistry will find that it is interesting 3 a 
life. and instructive. 


REMOVABLE SNAP-ON CAP — Snug-fitting, “snap-on” cap 
is removable for easy cleaning or replacement without tools. Procedure for Analysis 


Of Saturated Gases 


Natural ine A iati Amer- 4 
ramous raLuen BSS ror creaTen visBuiry. | ia USE. Renney “Bune fae 
DURABLE FINISH, MORE PLEASING CONTOURS AND | has published its “NGAA Recommended 

tn 4”. 6”. 7 i APPEARANCE. tae meee 7 — Aaaey, = — od 

. of noe! } ydrocarbon Gases by Low Tempe 

9” and 12” case DUST-PROOF, FUME-RESISTANT. ture Fractional Distillation.” The bulle 


sizes. ° ° 7 
Send your thermometers (all makes) to be repaired so Palmer | t!™ Was prepared following the work of 


technicians can modernize them, adding all of the features | 18 laboratories, each analyzing identical 
above at nominal cost. gas samples from a master holder. Quot 


ing from the bulletin: ; 
“It became evident after five mastef 
samples had been analyzed that i 
PALMER SUPERIOR RECORDING AND DIAL THERMOMETERS human element was a much greater am 
more unpredictable source of error than 

the variations in equipment that existed 
among the cooperating laboratories. 
RECORDING THERMOMETERS. Ex- - Therefore, a tentative recommended pro- 
tremely accurate and sensitive, con- te cedure was used by the cooperating 

. eee all 7 ee oe i 3 Pee laboratories in the analysis of the last 
case. Flexible armoured tubing and tS Oe four master samples. The results of the 
bulb of stainless-steel. All ranges | Pye | second set of four samples as compare 
up to 1000F or 550C. ' ae with the results of the first five samples 
™ proved that human errors had _ been 

DIAL THERMOMETER. Mercury ac- materially reduced and duplicability be- 
tuated. 8 in. case. Very sensitive. tween laboratories improved, all with- 
Permanent accuracy. Guaranteed. out hindering possible improvements 0! 
equipment by standardization. This pub- 


Built for long life. Flexible armoured 
tubing and bulb of stainless-steel. lication describes the general procedure 


All ranges up to 1000F or 550C. | of low-temperature fractional analysis 
and also presents a compilation of the 
preferred analytical practices as deter 
MFRS. OF INDUSTRIAL, LABORATORY, mined from a thorough review of the 

results obtained from the NGAA tes 


(a8 RECORDING AND DIAL THERMOMETERS b 

RR . 2513 NORWOOD AVENUE ae e- the belleti 1 to 23 
CINCINNATI 12 OHIO Tices oO e bulletin are: : 

TRERMORETERS en anadian Plant: King & George Sts., Toronto 2 copies, 50 cents each; more than 2 

copies, 40 cents each. g 
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changer Repair Shon 


rganized to handle heat exchanger service work 
O of every description faster and better than serv- 
ice of this kind has ever been done before for plants 
in the Southwest. Located in Beaumont, Texas, gulf 
coast refining and chemical center, this shop is within 
easy shipping distance of your Southwestern plant. 


Will save you six to eight weeks on replacement 
tube bundle deliveries, depending on type of bundle 
and materials, 


24-to 48 hour emergency service for bundle retub- 
ing using regular materials. 


Special service for special requirements (special 
materials or extensive design changes) will reduce 
your equipment down time to minimum. 


Metallurgical service available to solve your cor- 
rosion problems. 


The regular line of Beaumont oil field drilling equip- 
ment continues to be distributed through the Jones 
& Laughlin Supply Company. 

Please address inquiries either to American 

Locomotive Company, 30 Church Street, New 

York 8; N. Y., or Beaumont Iron Works Company, 


Beaumont, Texas, or 543 Mellie Esperson Build- 
ing, Houston 2, Texas, 


American 
Locomotive 











Digest of Recently Issued United States 


Patents Pertaining to Petroleum Refining 
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U.S.P. 2,405,300. Recovery of Xylenes. 
B. Greenburg to Allied Chemical 
and Dye Corporation. 

A complex hydrocarbon fraction with 
an end point of not more than 150° C. 
and containing xylene and*non-aromatic 
hydrocarbons having the same boiling 
range as xylene is subjected to azeo- 
tropic distillation in the presence of 
ethylene diamine substantially free of 
water, rectifying vapors evolved. The 
non-aromatic hydrocarbons are removed 
with ethylene diamine and the distilla- 
tion is continued until the xylene is left 
in the residue nearly free of non-aro- 
matic hydrocarbons. 


U.S.P. 2,405,393. Batch Distillation. G. 
T. Atkins, Jr., to Standard Oil De- 
velopment Company. 

A liquid such as a petroleum oil, con- 
taining a plurality of components is va- 
porized and the vapors are charged to 
the bottom of a fractionating tower. A 
plurality of liquid components of differ- 
ent boiling ranges is withdrawn from 
the lower part of the tower and main- 
tained separately and segregated in an 
accumulation zone. The segregated com- 
ponents are returned to the tower in 
the order of their withdrawal therefrom 
at a point where the boiling range of 
the liquid in the tower corresponds to 
the boiling range of the returned liquid. 
This procedure permits a_ substantial 
reduction in the amount of reflux nor- 
mally employed at the top of the tower. 


U.S.P. 2,405,560. Fuel. J. M. Campbell 
to General Motors Corporation. 

The invention concerns a leaded-gaso- 
line for use in spark-ignition internal- 
combustion engines..This fuel contains 
an amount of not more than about 0.1 
percent by volume of a tributyl phos- 
phite which serves to suppress preigni- 
tion, 


U.S.P. 2,406,394. Production of Aviation 
Gasoline. R. H. Newton to Houdry 
Process Corporation. 

High quality motor fuels including 
aviation gasoline and aviation base stock 
are produced by dividing the synthetic 
crude from a cracking operation into at 
least four cuts, viz.: an initial cut up to 
180° F., a cut boiling sewers 180-250° 
F., a cut of 250-325 , and a cut of 
325-500°, The second as the first cut 
are, cracked by highly active catalysts 
under severe conditions. Products from 
this catalytic operation which boil with- 
in the aviation-gasoline range are com- 
bined with the first and the third cut to 
make a superior aviation base stock. 


U.S.P. 2,406,544. Motor Fuel and Proc- 
ess of Using Same. E. R. Johnson to 
Texaco Development Corporation. 
The invention relates to an aviation 

motorfuel blend adapted for use in su- 

percharged engines and having a pref- 
erentially improved maximum power 
output at full throttle, without detona- 


212 


tion, at super-rich air-fuel ratios richer 
than 11:1, as compared with lean air- 
fuel ratios leaner than 11:1. The blend 
comprises a high-antiknock-rating base 
fuel containing a major proportion of 
isoparaffinic gasoline and a-carbonyl of 
a metal of atomic number 26 to 28, such 
as Fe or Ni, in an amount sufficient to 
convert the base fuel into the aviation- 
motor-fuel blend. 


U.S.P. 2,406,748. Desalting of Hydrocar- 
bon Oils. L. Dickinson to Stand- 
ard Oil Company (Indiana). 

A reduced crude is desalted by mix- 
ing it with prc»ane in a volume ratio of 
1 to 3-5. The propane is stored at an 
elevated temperature but below 140° F. 
under elevated pressure. The mixture is 
kept in a settling zone at 140-185° F. 
under a pressure sufficient to prevent 
vaporization until separation of salt to- 
gether with undissolved high-mol-weight 
components of the crude from the pro- 
pane solution is obtained. The solution 
is withdrawn and its pressure reduced 
to a point where it is still higher than 
the storage pressure of the propane. 
The solution is then heated to vapor- 
ize propane, and the vapors are con- 
densed and returned to storage without 
compression. The pressure on the resid- 
ual propane solution is reduced to a 
range between atmospheric and 5 psi. 
The solution.is stripped with steam to 
remove propane which is returned to 
the storage after removal of water. The 
depropanized and desalted hydrocarbon 
oil forms an excellent charging stock 
for catalytic cracking. 





CRACKING AND REFORMING 





U.S.P. 2,405,922. Fluid Catalyst Catalytic 


Cracking. J. B. Wyman and H. 

Loeb to Shell Development Company. 

A cracking unit employing a fluid 
catalyst reactor is brought on stream 
by heating the reactor by the passage 
of hot air therethrough. The fractionat- 
ing column of the unit is simultaneously 
heated by passing hot flue gas substan- 
tially free of oxygen therethrough. These 
gases are withdrawn as a common 
stream from a point between the reactor 
and the fractionating column and are 
thereby confined to the respective sys- 
tems. The passage of gases is continued 
until the temperatures in both systems 
are sufficiently high to allow the intro- 
duction of superheated steam without 
substantial condensation of water. 


U.S.P. 2,405,935. Treatment of Cracked 
Naphtha. J. A. Anderson, Jr., 
Standard Oil Develonment Company. 
A cracked naphtha fraction boiling 

not below 150° F. and not above 350° 

F. and comprising a mixture of naph- 

thenes, aromatics and acyclic compounds 

is thermally cracked, preferably in the 
vapor phase, to cause the cracking of 
substantial amounts of acyclic com- 


pounds without substantially decreasing ° 


the amount of cyclic compounds pres- 


ent. Uncondensable gases are separated | 
and a fraction of about the same boil- 7 
ing range as the charge is recovered © 
from the residual reaction products. This — 
fraction is hydroformed and then dis- 7 
tilled. A highly aromatic fraction is ob-~ 
tained. 


U.S.P. 2,405,959. Treating Hydrocarbon ~ 
Fluid. P. E. Kuhl and.R. M. Shepard- % 
son to Standard Oil Development 
Company. 
A relatively heavy hydrocarbon oil is * 

mixed with about 35-100 percent of its 7 

weight of a powdered adsorptive crack- © 

ing catalyst to form a catalyst-oil slurry, 7 

This slurry is heated so that the oil is 7 

completely vaporized and is maintained 

at the conversion temperature. The va- 
pors are then separated from the cata- | 
lyst particles without cooling the reac- ~ 
tion product so that a dry separation 
is obtained. Hereafter the vapors are 
fractionated to separate condensate oil 
from relatively light hydrocarbons boil- 
ing in the gasoline range. 


U.S.P. 2,406,117. Reforming. A. B. Wel- 
ty, Jr., to Standard Oil Development 
Company. 

Hydrocarbon is reformed in the pres- 
ence of added free hydrogen and a cata- 
lyst which consists of a reducible metal 
oxide of group VI of the periodic sys- 
tem, such as chromium oxide or molyb- 
denum oxide, carried on an alumina- J 
containing base. -The catalyst is period- 
ically regenerated and then subjected 
to a purging operation with free hydro- 
gen or free hydrogen-containing gas at¥ 
pressures substantially less than those 
used in the reforming operation. 


U.S.P. 2,406,312. Cracking and Coking 
of Hydrocarbon Oils. J. M. Barron to | 
The Texas Company. : 
A condensate stock is passed through ¥ 

a heating coil and subjected to a high} 

cracking temperature. The heated stream™ 

is discharged into the lower portion 

a vertically disposed reaction chambet® 

wherein separation of vapors from liquid 

residue takes place. A stream of heated 
residual stock is introduced into an up- 
per portion of this chamber. The down- 
flowing liquid and the rising vapors are | 
subjected to counter-current contact im ~ 
an obstructed zone of the chamber at © 
cracking temperatures of more than 900° 

F, under 200-600 psi pressure. Vapors ~ 

are withdrawn from an upper portion ~ 

of the chamber at about 900° F. Liquid 
residue is withdrawn from the lowef ~ 

portion of the chamber at about 920° F. 

at a rate adequate to prevent the ac- 

cumulation of liquid residue in the cham-— 
ber. This residue is delivered to a cok- © 
ing zone wherein the pressure does not” 
exceed about 50 psi and wherein a tem 
perature of about 850° F. is maintai 

by means of the hot residue introduc 

so that coking is effected solely by t 

contained heat of the residue, The 

pors withdrawn from the above-namee 
reaction chamber are fractionated. 
reflux condensate of this fraction is 
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WARREN PETROLEUM CORPORATION 


Manufacturers, Exporters and Export Terminals: Corpus Christi 


Marketers of | 
Natural Gasoline and T u $a / O k a h oma Houston, ‘Texas Lake Charles 
Liquefied Petroleum Gas La.: and Marcus Hook, Pa 


Port Arthur and Norsworthy, 
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REPRESENTATIVES IN 
PRINCIPAL CITIES 


EXPORT REPRESENTATIVE: 


Chiksan Export Co., Brea, Calif. 
Branches: NEW YORK 7, HOUSTON 2 
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WIVEL JOINTS 
FOR ALL PURPOSES 





You save the trouble and expense of bolt- 
ing or welding counterbalance connec- 
tions to your Swivel Joints when you use 
CHIKSAN Ball-Bearing Swivel Joints 
... because CHIKSAN Joints are pro- 
vided with counterbalance connections 
as an integral part of the Swivel Joint. 
Lines are quickly and easily fitted up 
merely by threading in pipe of required 
length and attaching counterbalance 


weight, thus making the line lighter and 


easier to handle. Many other applica-— 


tions are in use. Write for latest Chiksan 
Catalog. Over 500 different Types, Styles 


and Sizes for every purpose. 


CHIKSAN COMPANY 


BREA, CALIFORNIA 


New York 7 Houston 2 





cycled to the heating coil. The vapors 
evolving from the coking zone are de. 
phlegmated with a residual charging 
stock. The mixture is charged through 
a heating coil at 800-900° F. and then 
directed to the upper portion of the 
first-named reaction chamber as the 


‘ residual stock. 


U.S.P. 2,406,313. Cracking and Coking 
Hydrocarbon Oils. J. M. Barron to 
The Texas Company. 

The process of U.S.P. 2,406,312 is 
employed for the combination cracking 
and coking of a condensate oil obtained 
in the process. Temperatures and pres. 
sures employed are similar to those used 
in the afore-mentioned patent. 


U.S.P. 2,406,547. Catalytic Cracking 
Process. 
P. E. Kuhl and A. B. Welty, Jr. to 
Standard Oil Development Company, 
A stream of hydrocarbons is passed 
through a bed of fresh cracking catalyst 
at conversion temperature to convert a 
substantial portion of the hydrocarbons 
into gasoline. During the initial portion 
of the processing period wher the cata- 
lyst is in a state of high activity a sub- 
stantially saturated gasoline is formed, 
while an unsaturated gasoline is pro- 
duced when the activity of the catalyst 
has been diminished by the deposition 
of carbonaceous matier thereon. 


U.S.P. 2,406,810. Treatment of Hydro- 
carbonaceous Solids. 

R. B. Day to Universal Oil Products 

Company. 

Hydrocarbonaceous solids, such as oil 
shales, tar sands, coal, lignite, are passed 
in subdivided state and in the form ofa 
bed downwardly through an internally 
heated distillation retort to evolve vola- 
tiles from the solids and to crack rela- 
tively heavy volatiles. Residual non-vol- 
atile components of the solids are re- 
moved from the lower portion of the re- 
tort. Combustibles are burned off the 
discharged residue. Mixing of the com- 
bustion gases with the vapors evolved 
in the retort is prevented. A hydrocar- 
bon fluid is passed in ‘ndirect heat ex- 
change with the hot combustion gases 
and is then introduced into the distilling 
retort and into direct contact with the 
bed of solids to supply the heat required 
to evaporate voiatiles from the solids. 


U.S.P. 2,407,052. Gasoline and Process 
For the Production Thereof. 
W. A. Bailey, Jr. and B. S. Greens 
felder to Shell Development Company 
Base stocks suitable for the produc- 
tion of gasolines with higher , super 
charged ratings are obtained by cate 
lytically cracking a hydrocarbon oil boil- 
ing predominantly above the gasoline 
boiling range with a silica-alumina o 
clay-type catalyst. The product is frac 
tionated to form a higher-boiling frac 
tion and a lower-boiling gasoline bast 
stock containing substantial amounts 0 
2-methyl pentane and 3-methyl pentant 
and having a final boiling point with 
the range of 150-180 degrees C. The? 
methyl pentane and 3-methyl: pentant 
are completely removed from this gas 
line base stock, and the methyl pentane 
are separately obtained by fractionation 


ee 
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U.S.P. 2;405,364. Hydrocarbon Conver 
sion Process and Apparatus. H..% 
Markely to Phillips Petroleum Com 
pany. 
A vaporous hydrocarbon feed ® 
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Q_C.f-Steel Lubricated Plug 
Valves operate with little ef- 
fort. Self-expanding gaskets 
at both ends of the cylindrical 
plug eliminate end thrust of 
line pressure. This exclusive feature inQ-C.f- 
Steel Lubricated Plug Valves materially 
reduces turning force even under high line 


pressure. 


Y TO TURN 


The QLC.f Cylindrical Plug provides full- 
pipe area, straight-through flow. All seating 
surfaces are protected by lubricant and are 
sealed away from flow in the open position 
...reducing wear of vital parts... prolonging 
valve life. 

Send for new descriptive catalogue —S-46 
(PR) of QLC.£ Steel Lubricated Plug Valves 
—specifically designed for difficult services! 


AMERICAN CAR AND FOUNDRY COMPANY 


Valve Department ° 30 Church Street ° 


November, 1946—A Gulf Publishing Company Publication 


New York 8, N.Y. 














passed through an elongated reaction 
zone containing an anhydrous normally 
solid volatilizable metal halide catalyst 
of the Friedel-Crafts type under condi- 
tions effecting substantial conversion of 
the hydrocarbons and sublimation of 
minor amounts of the metal halide. The 
vaporous reaction effluent is passed to 
a separation zone through a restricted 


area under such conditions that the flow 
Xz would eventually be stopped by clog- 
OF ging of the restricted path of flow due 


to deposition of sublimed metal halide. 
[he effluent is periodically switched 
L é to an alternate restricted area, while a 
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minor portion of vaporous hydrocarbon 


e . feed is passed in reversed direction 

Thi M rk I Yo r through the first restricted path under 
eee S d S U such conditions that the deposited metal 
halide is removed by sublimation. The 
process may be used, for instance, for 


Assurance at Highest Quality! the isomerization of normal butane. 


U.S.P. 2,405,386. Isomerization of Satu- 
rated Hydrocarbons. I. L. Wolk to 
Phillips Petroleum Company. 
Low-boiling normal paraffin, such as 

















































® Long skilled in the manu- 
























facture of valves and ever | n-butane, is isomerized by passing 
responsive to industry's | through an elongated vertical reactor 

: : | under suitable conditions a gaseous mix- 
needs, Lunkenheimer pio- | ture of the paraffin with a _ halogen- 
neered in the development | containing promoter, such as hydrogen 


of Steel Valves. 


most exacting requirements. 


And as new problems arise, 
Lunkenheimer metallurgical 


research, engineering knowl- 


facturing facilities can be de- 
pended upon to aid in their 
satisfactory solution. 


chloride, in which solid metal-halide isom- 

erizing catalyst of the Friedel-Crafts 

With the application of high- gaseous mixture comprising the pro- 

er and higher temperatures duced branched-chain paraffin, is freed 

halide catalyst by settling. The settled- 

ditions became increasingly out material together with fresh finely- 

severe. Lunkenheimer was liquid normal paraffin in such propor- 

tions as to form a slurry which is in- 

from materials that met the of points. The quantities of slurry in- 

troduced at each point are such that a 

throughout the reaction zone and an in- 

creasing concentration of active solid 

of flow, sufficient to maintain a ¢on- 

stant rate of conversion throughout the 

U.S.P. 2,405,440. Isomerization of Ole- 

fins. N. H. Marsh to Standard Oil 

An olefin with the double bond in the 

1— position is isomerized to an olefin 

higher position by contacting it with a 

—BOOTH 52 sulfide of nickel or tungsten or both at 

> eee ee gen sulfide may be added to the olefin 
to be treated. 


type is finely divided. The resulting 
: from finely-divided solid active-metal- 

and pressures, operating con- 
divided solid-metal halide is mixed with 
ready with valves fabricated | troduced into the reactor at a plurality 
constant temperature is maintained 
metal halide is provided in the direction 

edge and specialized manu- | reactor. 
Development Company. 

AT THE POWER SHOW | which has the double bond in the 2— or 
See the latest Lunkenheimer design of 150-700° F. A small amount of hydro- 

In Attendance: FRANK P. RHAME, Presi- 


— Sa A. BURDORE, Vicexou, | U.S.P. 2,405,516. Isomerization of Satu- 

ent in arge 9 ales; . ’ ‘ ? * 

Sales Engineer; FRED H. HEHEMANN, rated Hydrocarbons. H. Pines to Uni 

. Chief Engineer; JOHN W. BOLTON, Chief versal Oil Products Company. 

a ar ge An isomerizable saturated hydrocar- 
eenen, New York Branch. : bon, such as a paraffin, is contacted 


with an isomerizing catalyst of the 
2500-Ib. $. P. Alloy Steel Gate Valve, with Friedel-Crafts type in the presence o! 
all-welded By-pass, welded in Seat Rings, a minor amount ofa mono-cyclic aro- 
Seal Welded Bonnet with Breech Lock, Weld- - | matic hydrocarbon, e.g. para-cymene. 
a a The presence of such a compound sup- 
presses the decomposition of isomeft- 


SEE YOUR LUNKENHEIMER DISTRIBUTOR zable hydrocarbons. 
U.S.P. 2,405,565. Synthesis of Hydro- 
FOR BETTER VALVE SERVICE carbons. E. W. M. Fawcett and G. I. 
Jenkins to Anglo-Iranian Oil Com- 


pany, Ltd. 

. i ae 2 " A small amount of a halide catalyst 
centers, There is one near you, fully equipped to assist with your (MRO) maintenance, repair not exceeding a concentration sufficient 
and operating problems. © to saturate the feedstock at isomeriza- 
tion reaction temperature is introduced 


THE LUNKENHEIMER | © ferritsiilitchi 14, Ohio into a hydrocarbon stream containing 


NEW YORK 13, CHICAGO 6, BOSTON 10, PHILADELPHIA 7 normal paraffins. The mixture is com 
EXPORT DEPARTMENT; 318-322 HUDSON ST., NEW YORK 13, N. Y. tacted under conditions suitable for the 


Lunkenheimer manufactures a complete line of Bronze, Iron, and Steel Valves, Boiler Mount- - 
ings, Lubricating Devices and Air Devices. Available from Distributors located in all industrial 
















ACT 





Nov 





Petroleum Refiner—V ol. 25, No. 





7s VS Ow 


n 











“Sie 


The economic advantage of one sup- 
ported catalyst over another can be readily 
figured. It is a sum of savings effected all 
along the line... from purchase to dis- 
card. And when you work with Porocel- 
supported catalysts, you reap substantial 
benefits right from the start. 


Porocel-supported catalysts are lower in 
price because their manufacture does not 
involve the use of expensive synthetic 
carriers and costly forming methods. In- 





—“book-keep” supported catalysts! 


1 High adsorption activity. Porocel accepts 
and holds large quantities of many active 
catalysts. 


2 Even dispersal capacity. Porocel’s porosity 
averages 55% of its total volume, with aston- 
ishingly large contact areas. 


3 Ruggedness. Porocel’s ability to stand up 
under wide ranges of temperature, pressure 
and flow condition is a matter of record. 


4 Purity and inertness. Low-iton, low-silica 
Porocel.is inert to almost all reactions. 


It will pay you to investigate the unusual 





stead, the active ingredient is impregnated economy of Porocel-supported catalysts 
on a nsturally-hard; high-purity Deeme We will gladly send samples of Porocel 

a? carrier. Adequate ore sources and special : : 

ed pe £ impregnated with Ni, Mo, Cr, or their 

he processing plants insure rigid control o oxides or Friedel-Craft types AICl,, 

ns cach peoduction Siig, Oi Wl. 6t Seems ZnCl,, etc.—for laboratory tests. Now is 

a deliveries, in adequate amounts, of your 4 ti di a 

ne commbpere a good time to discuss with us the prep- 

A ' aration of specific catalysts for you. 

Savings don’t stop at original cost. They Address: Attapulgus Clay Company (Ex- 

a keep increasing right on through Porocel’s clusive Sales Agent), Dept. B, 260 South 

I long service life. Here are some reasons why: Broad Street, Philadelphia 1, Pa. 
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isomerization of paraffins with a highly 
porous adsorptive material fully im- 
pregnated with the halide catalyst. The 
catalyst concentration of the hydrocar- 
bon stream remains substantially un- 
changed during passage through the 
isomerization zone. The. reaction mix- 
ture is then directly commingled with 
an olefin stream, and the combined 
‘stream contacted under alkylation con- 
ditions with a highly porous adsorptive 
.material. The effluent is fractionated to 
separate the alkylate formed from sub- 
stances suitable for recycling to the isom- 
erization stage. 


U.S.F. 2,406,622. Conversion of Hydro- 
carbons. J. M. Mavity to Universal 
Oil Products Company. 

In the catalytic conversion of satu- 
rated hydrocarbons, e.g. in their isomer- 
ization or alkylation, wherein the hy- 
drocarbons are commingled with a hy- 
drogen-halide promoter and subjected to 
conversion conditions in the presence 
of the promoter and an aluminum-halide 
catalyst, at least a portion of the hy- 
drocarbons to be converted is passed in 
liquid phase and prior to commingling 
with the hydrogen halide promoter 
through a stationary bed of solid alu- 
minum halide containing Fe, Al Mg, Sn, 
Cd, Ni, Cu or Zn. A portion of the solid 
aluminum halide is dissolved in the 
liquid hydrocarbons while the formation 
of hydrocarbon-aluminum halide com- 
plex in the bed is prevented by the 
presence of said added metals. 


U.S.P. 2,406,633. 2,406,634. Isomerization 
of Saturated Hydrocarbons. H. Pines 
and R. C. Wackher to Universal Oil 
Products Company. 

A paraffin, e.g. normal pentane, is 
contacted under isomerizing conditions 
with a metal halide Friedel-Crafts cata- 
lyst in the presence of a relatively minor 
amount of an ether having the formula 
R-O-R’ wherein R is an aryl group and 
R’ is an alkyl, cycloalkyl or aryl hydro- 
carbon radical. Methylphenyl ether, di- 
phenyl ether, or cyclohexylphenyl ether 
can. a.o. be used for this purpose. The 
addition of such ether suppresses de- 
composition reactions and isomeriza- 
tion occurs with a high degree of effi- 
ciency and low catalyst consumption. 

According to U.S.P. 2,406,634 an aro- 
matic hydrocarbon containing at leas! 
two monocyclic aryl nuclei, such as 
diphenylmethane, is used as the additive 
instead of an ether. 


U.S.P. 2,406,639. Catalytic Reactions. L. 
Schmerling and V. N. Ipatieff to Uni- 


G & 3 8 Inc. versal Oil Products Company. 
AERIN , grag acer are isomerized or alky- 
ICES ate y treating them in the presence 
GENERAL - . o 6 ill. of an alkoxy-aluminum halide catalyst 
er Drive. Chicag ‘ prepared by interacting equimolar pro- 
portions of a saturated aliphatic alcohol, 
wW A a s R such as isopropyl alcohol, and aluminum 
chloride or bromide, and controlling the 
eS reaction so that one mol of hydrogen 
halide is evolved per mol of aluminum 

halide reacted. 


U.S.P. 2,406,681. Catalytic Conversion 
of Hydrocarbons. N. B. Haskell te 
The Texas Company. 
A paraffin hydrocarbon feed compris- 

ing normal butane is passed in liqu! 


WRITE ON YOUR phase through a primary reaction zone 


: and contacted’ therein with a liquid isom- 

LETTERHEAD FOR erization catalyst consisting of alum 
SPECIAL LITERATURE num halide-hydrocarbon complex af 
aluminum halide. This catalyst has 4 

heat of hydrolysis in excess of 320 calo- 

ries per gram of catalyst. The contact § 

effected in the presence of hydroge? 
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Keeping production up and costs down is true 


effi high efficiency - and that’s the kind of perform- 
a ance you get from WILFLEY pumps. These 
east pumps run twenty-four hours a day for months 
tive on end without attention. They are characterized 

by a dependability born of engineering “know- 
oS how” acquired through many years of pioneering, 
Iky- ? research and development in the field. Individ- 
sist ual engineering on every application. Heavy . 
pro- pumping parts of alloy iron, alloy steel and rub- » 
= ber -vwhatever material works_best on your partic- 
b- ular job. Write or wire for complete details. 


5 WILFLEY 


ot centupugal PUMPS 








AR. WILFLEY & SONS, inc., penver, colorado, U.S.A., New York Office: 1775 Broadway, Mew York City 
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Equipoise PRECISION 


Bimetallic Dial Thermometers 


for every industrial and laboratory use 


Widely used in power plants, chemical plants, oil refineries, Gnd gasoline plants. Also 
on refrigeration, air conditioning and electrical equipment. 


Many standard ranges are available between the limits of minus 90° F. and 1000° F 


® Easy to Read Dial 
® Instantaneous Response 
: *® Only One Moving Part 
® High Over-range Protection 
® Individually and Permanently Calibrated 
® No Pinions, Gears or Linkages 
® Calibration Unaffected by Vibration 
® Durable Stainless Case, Connection Nut & Stem 
¢ Available with Tempered, Non-Breakable Crystals 
® Available in 2, 3 & 6 inch Dial Sizes 
| ‘e Heavy Duty Sockets are Standard 
/ ® Low Cost——No Maintenance 


INCORPORATED 
Dept. R, 100 Stevens Ave. Mt. Vernon, New York 
REPRESENTATIVES . 
Les Angeles—Brooks Equipment Co. St. Louis, Mo.—MacGregor & Sears Cc. 
San Frencisce—Brooks Equipment Co. Chicago, I11.—Nielsen & Fryer, Inc. 
Seattie—Brooks Equipment Co. Detroit—D,. T. Randall & Co. 
New Orleans—Climax Industries Boston, Mass.—Robert T. Forbes 
Heusten—Climeax Industries Atlanta, Ga.—Garrard, Sudderth & Seat 
Christi—Climax industries Jacksonville, Florida—Richard Barthelmess Sales Co. 
Fert Worth—Climex Industries Albany, N. Y.—Carl J. Schultz 
Wichite Folis, Tex.—Climax Industries Richmond, Virginia—-Precision Scientific Co. 
Odessa, Tex.—Climax Industries Washington, D. C.—Precision Scientific Co. 
Tulse, Okla.—Climax Industries Baltimore, Md.—Precision Scientific Co. 
Kansas City, Mo.—Control Equipment Co. . Philadelphia, Pa.—Precision Scientific Co. 








EQUIPOISE CONTROLS 














halide at a predetermined temperature 
in the range of 100-300° F. so that isom. J 
erization constitutes the principal re- 
action. A stream containing isomerized 
hydrocarbons and dissolved aluminum 
halide is passed from the primary zone 
through a secondary zone. The hydro. 
carbons are here contacted in _ liquid 
phase with liquid aluminum halide-hy- 
drocarbon complex having a heat of hy. 
drolysis of 260-300 calories per gram of 
catalyst. This secondary contact is ef. 
fected in the presence of hydrogen hal- 
ide at a temperature within the afore- 
mentioned range. Aluminum halide is 
extracted from the entering hydrocar. 
bon stream. Hydrocarbons free from 
dissolved aluminum halide are removed 
from the secondary reaction zone. A 
complex catalyst liquid enriched wit! 
aluminum halide is produced in the sec. 
ondary zone. Another stream of the feed 
hydrocarbons is separately contacted 
with this enriched complex under such 
conditions that isomerization is effected 
and that the enriched complex is de- 
nuded of aluminum halide. The sepa- 
rately treated hydrocarbons are passed 
to the primary zone. 


U.S.P. 2,406,721. Catalytic Conversion 
of Hydrocarbons. P. L. Veltman to 
The Texas Oil Company. 

For the continuous isomerization oj 
saturated hydrocarbons a stream oj 
these hydrocarbons is contacted in 3 
primary reaction zone in liquid phas 
with a catalyst comprising at least jin 
part free metallic halide in the presence: 
of hydrogen halide under conditions 
such that substantial isomerization oc- 
curs and some metallic halide is dis- 
solved in the hydrocarbons. The reac- 
tion mixture thus obtained is contacted 
in a secondary zone under isomeriz2- 
tion conditions and in liquid phase wit! 
a body of metallic halide-hydrocarbon 
complex liquid free from unreacted me- 
tallic halide. A small amount of olefr 
hydrocarbon is injected into the secor- 
dary reaction zone in sufficient quantit 
to consume the dissolved metallic ha’ 
ide. A hydrocarbon stream containing 
isomerized products and free from dis 
solved metallic halide is removed fron 
this zone. 


U.S.P. 2,406,778. Slurrying Aluminun 
Chloride for Hydrocarbon Conversion 
Processes. W. E. Kruse, C. V. Nys; 
wander and J. A. Bolt to Standart 
Oil Company (Indiana). 
Hydrogen chloride is absorbed in 

paraffinic hydrocarbon stock boilit 

within the butane to hexane boilitf 

range. The solution formed is heated 4 

isomerizing temperature and introduce! 

at low level into a continuous isome! 
ization zone which contains a laret 
amount of liquid AICls-hydrocar! 

complex catalyst. The isomerizatio 3 

product containing dissolved catal/§ 

and HCI is withdrawn from the top" 
said zone to a settling zone where 
catalyst is removed. HC] is then strip? 
from the stream of hydrocarbons # 
returned to the absorption zone. : 

AICl, slurry of finely divided so! 

AICl; in a portion of this strip 

stream is introduced into the isomer 

tion zone. 


U.S.P. 2,406,868. Paraffinic Isomen” 
tion Process. C. O. Tongberg an 
J. Hall to Standard Oil Developm 
Company. 

At least one normal paraffin with 
least 4 C atoms is isomerized: in ' 
presence of an aluminum halide, 4 hal 
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for small tube cleaning 


For tubes with soft, thin scale or 
slushy deposits. This “mighty 
midget” of the Lagonda family has inherited all the 
speed and power characteristics which have made its 


“big brothers” famous in the field of large tube clean- 


passe 





ing. It’s fast and agile on both straight and curved tubes 


ersion 
lan { 





and has a wide range of cutters, brushes and scraper 


ion 

m of 
in a 
phase 


ast Jit 


heads so that it can clean any straight tube down to 


19/32” I.D. and curved tube to 25/32” I.D. Motor is 


esen 


noe air or steam driven. 






This is the cleaner for straight 


tubes with hard, flinty deposits. 







The motor is suspended outside 







the tube and drives a long shaft, 





with cutter head attached, into the tube to be cleaned. 





Motors are air (or steam) and electric. Steam or air 






motors may be either direct-drive (illustrated at left), 






or geared. Electric motors (lower left) are available in 






either light,or heavy-duty models. The Lagonda Suspen- 






sion Cleaner is the answer for many difficult small tube 






cleaning problems in the process field, as well as in the 






power plant. 






Elliott engineers are ready to consult with you on any 






specific application. An informative Small Tube Clean- 









ing Bulletin is available on request. Write for your copy. 







Y-264 
ELLIOTT COMPAN Y- 
Lagonda Division, SPRINGFIELD, OHIO 
Plants at: JEANNETTE, PA. * RIDGWAY, PA. 
SPRINGFIELD, O. * NEWARK, N, J. 
DISTRICT OFFICES IN PRINCIPAL CITIES 
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A 2000 pound Pressure-Tight 
High Alloy Casting Assembly 



























Statically Cast 





Centrifugally 
Cast Tubes 





This is the “coil” of a special heat 
exchanger alloyed and cast for a 
large company in the Rocky Moun- 
tain area. It's an excellent example 
of the kind of work our metallurg- 
ists and foundrymen are capable 
of turning out. 






Backed by 25 years’ experience with high alloy 
static castings and 16 years with centrifugal cast- 
ings, we are in a position to produce any chrome- 
iron or chrome-nickel casting within the range of 
our electric furnace capacity—namely, about 4 tons 
for any one pour. We have an X-ray testing ma- 
chine. We can finish the casting to any degree 
desired. 


Write us about your problem. Send us drawings 
for a quotation. 


rat DUTLALUT conn 


Y 4 \ 























gen-containing promoter, such as HCl, 
and a small amount of a naphthene 
taken from the oup consisting of 
cyclonropane cyclobutane, and alkyl de- 
rivatives thereof. No other naphthenes 
shall be present. The life of the alumi- 
num-halide catalyst is considerably in- 
creased by the addition of such naph- 
thenes. 


U.S.P. 2,406,967. Isomerization of Satu- 
rated Hydrocarbons. H. Pines to Uni- 
versal Oil Products Company. 

A paraffin hydrocarbon is isomerized 
in the presence of a free metal halide 
catalyst of the Friedel-Crafts type and 
a relatively minor amount of an aro- 
matic hydrocarbon containing at least 
one polynuclear aromatic group of the 
fused-ring type, such as naphthalene or 
alkyl naphthalene. This addition selec- 
tively suppresses side reactions, by which 
the isomerizable hydrocarbons are de- 
composed. 





ALKYLATION 





U.S.P. 2,405,490. Alkylation of Isoparaf- 
fins. J. A. Chenicek and R. B. Thomp- 
son:to Universal Oil Products Com- 
pany. 

An isoparaffin, such as isobutane, is 
reacted in a first reaction stage with 
an olefin, such as ethylene, in the pres- 
ence of an aluminum chloride-hydrocar- 
bon complex catalyst. The resultant al- 
kylate is separated from the complex. 
Controlled amounts of fresh aluminum 
chloride are introduced to the first alky- 
lation stage while controlled amounts 
of complex are withdrawn from this 
stage. A constant aluminum chloride 
content is thus maintained in the first 
stage. The withdrawn aluminum chlo- 
ride-hydrocarbon complex and additional 
isoparaffin and olefin are introduced to 
a second. alkylation stage. The alumi- 
num chloride-hydrocarbon complex re- 
moved from the second alkylation stage 
is substantially spent as alkylation cata- 
lyst. 


U.S.P. 2,405,874. Alkylation of Aromatic 
Hydrocarbons. E. F. Bullard, J. An- 
derson, and S. H. McAllister to Shell 
Development Company. 

A molar excess of an aromatic hydro- 
carbon is reacted with an alkylating 











agent under a pressure of at least 250 
psi in the presence of a solid acid alky- 
lation catalyst. The unreacted part of 
the aromatic hydrocarbon is separated 
from the reaction products. At least a 
part of this separated hydrocarbon is 
treated with sulfuric acid to reduce the 
thiophene content thereof and is then 
returned to the alkylation reaction. 


U.S.P. 2,405,968. Alkylation of Ethylene 
Mixed Feeds. C. S. Lynch and H. G. 
Codet to Standard Oil Development 
Company. 

Olefins such as ethylene, are continu- 
ously alkylated with isoparaffins, such 
‘as isobutane in the presence of a hy- 
drocarbon-AlCl; complex catalyst. A 
mixed feed containing ethylene and an 
isoparaffin is first forced through the 
AlCl.-hydrocarbon complex to effect the 
desired alkylation. A product stream 
and a recycle stream containing isobu- 
tane and a small amount of alkylate are 
simultaneously withdrawn from the re- 
action effluent. The recycle stream is 
passed to a scrubbing zone where it is 
countercurrently contacted with the 
mixed feed, saturating the recycle stream 





with undesired components of the mixed 
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Made from Alloy Steel 
—from the furnaces of 
Republic, World's Leading 
Alloy Steel Producer. 


Other Republic Products include Alloy, Stainless 


--»- NOW—before it starts—with heavy-duty Upson Alloy Studs. 
Made of tough alloy steel, these long-lasting studs give you valuable 
“on steam” protection Titewok their extra resistance to high tem- 
peratures, high pressures, severe corrosion and heavy wrenching. 


All of which means—you can’t find a better stud than Upson Alloy. 


REPUBLIC STEEL CORPORATION 
BOLT AND NUT DIVISION e CLEVELAND 13, OHIO 
Export Department: Chrysler Building, New York 17, N. Y. 


REPUBLIC 
BOLTS AND NUTS 
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IT'S RUST INHIBITING 


Because B-H No. 1 Cement contains a rust 
inhibitor which prevents corrosion of metal 
surfaces, it is excellent for use on flanges, 
valves, and other fittings. Even if used on 
cold, slow drying surfaces it forms a firm, 
rust-free bond. 


IT’S EASY TO APPLY 


Just mix B-H No. 1 Cement to a trowelable 
consistency and apply. It sticks, even to 
smooth surfaces—makes covering of under 
surfaces and pipes easy, even for 

unskilled workmen. 


IT’S EFFICIENT 


The exceptional efficiency of B-H No. 1 
Insulating Cement is due to the high 
temperature resistant black rockwool from 
which it is made. The dead air cells in the 
nodules of rock wool provide maximum 
insulating efficiency and lightness in weight. 
B-H No. 1 Insulating Cement dries without 
cracking—withstands temperatu. °s of 
1800°F.—and is reclaimable if temperatures 
have not exceeded 1200°F. 


IT’S CONVENIENT 


Packed in convenient sized multiwall 
paper bags containing 50 lbs. Ready for 
instant use. There is no loss or breakage 
as with molded types of insulation. 























The coupon below will bring you full 
information and a practical sample of 
B-H ‘No. 1 Insulating Cement. 


Baldwin-Hill 


SPECIALISTS IN THERMAL INSULATION PRODUCTS 



















Baldwin-Hill Co., 519 Breunig Ave., Trenton 2, N. J. 
Send information on products checked below 
CO Free sample of B-H No. 1 Cement 

( Ne. 100 Pipe Covering — effective up 


to 1200°F. (for long runs overhead, under- 
ground, Diesel exhausts). 


(0 Mono - Block — the one-block insulation 
for all temperatures up to 1700°F. 
(C) Black Rockwool Blankets (felted be- 


tween various types of metal fabrics). 
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feed. The récycle stream enriched with 
ethylene is then returned with added iso- 
butane to the reaction zone, and the flow 
of materials is continued in the indicated 
manner. 


U.S.P. 2,406,086. Alkylation of Isopar- 
affinic Hydrocarbons. C. B. Linn to 
Universal Oil Products Company. 
An isoparaffin is reacted with an olefin 

in the presence of a liquid HF catalyst 

containing a minor proportion of hydro- 
gen cyanide. The amount of the latter 
may vary ‘between 0.5-10 percent by 
weight of the catalyst. A reaction tem- 
perature of —30° to 100° C. is employed. 

The activity of the HF catalyst is well 

controlled by the hydrogen cyanide. 


U.S.P. 2,406,709. Alkylation of Isopar- 
affins With Ethylene. E. F. Pevere to 
The Texas Company. 

Isobutane is alkylated by ethylene in 
the presence of an aluminum chloride 
alkylation catalyst which is present in 
an amount of at least 0.25 mols per mol 
of olefin charged. Sufficient hydrogen 
chloride is added to maintain a HCI: 
AICl; mol ratio within the range of 
0.75-1.25. The temperature in the reac- 
tion zone is maintained in the range of 
90-140° F., and the temperature and 
the ratio HC1:AICl, are correlated with- 
in the indicated ranges to effect the pro- 
duction of substantial amounts of neo- 
hexane which constitutes at least 10 
percent by volume of the total alkylate. 


U.S.P. 2,406,776. Catalytic Alkylation 
Process. J. B. Kirkpatrick, J. J. Som- 
ers and A. N. Sachanen to Socony- 
Vacuum Oil Company. 

A ‘light paraffinic hydrocarbon, such 
as isobutane, is alkylated with a light 
olefinic hydrocarbon, such as _propy- 
lene, by contacting their mixture in 
gaseous phase at a temperature of 590- 
850° F. and under a pressure of at least 
500 psi, e.g. at 1500 psi, with an organic 
nitro compound, such as. nitromethane 
as the alkylation catalyst, this nitro 
compound forming under operating con- 
ditions a single, homogeneous gaseous 
phase with both types of hydrocarbons. 
The concentration of the olefinic reac- 
tant is controlled so that alkylation is 
the principal reaction. 


U.S.P. 2,406,954. Alkylation of Isoparaf- 
finic Hydrocarbons. C. B. Linn to Uni- 
versal Oil Products Company. 

An isoparaffin, such as isobutane, is 
reacted with an olefin, particularly a 
mono-olefin with 3-16 C atoms, in the 
presence of a liquid HF catalyst in 
which a minor proportion of an inor- 
ganic compound boiling below 300° C-. is 
dissolved. This compound can be a fluo- 
ride or oxyfluoride of S, Se, N, P, Mo, Ti, 
W, Vd, or Si, e.g. SiF;. The activity of 
the HF catalyst is accurately controlled 
by the dilution with the dissolved sub- 
stance which is relatively inert catalyt- 
ically. 


U.S.P. 2,407,033. Catalytic Alkylation 
Process. A. A. O’Kelly, J. Plucker and 
R. H. Work to Socony-Vacuum Oil 
Company. 

A paraffinic hydrocarbon, such as 180 
butane, is alkylated with an olefin, such 
as propylene, by contacting the paraffin 
olefin mixture in the gaseous phase at 4 
temperature of 590-850° F. and a pres 
sure of above 500 psi with an alkylation 
catalyst, such as ethylene oxide, furit- 
ral or another organic cyclic oxygée? 
compound containing oxygen as part 0! 
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the ring. The paraffin is employed in ex- 
cess over the olefin. 


U.S.P. 2,407,136. 2,407,137. Alkylation of 
Hydrocarbons. L. A. Clarke to The 
Texas Company. 

A hydrocarbon which has a replace- 
able hydrogen atom is continuously 
treated with an alkylating agent (olefin) 
in the presence of an alkylating catalyst of 
greater specific gravity than that of the 
reactants. An undispersed liquid body of 
catalyst, of substantial height, is main- 
tained as the continuous phase in the re- 
action zone. A mixture ‘of the hydro- 
carbons to bé treated is continuously 
dispersed into a lower portion of the 
liquid catalyst body. Fine liquid drops 
of the hydrocarbon mixture rise in dis- 
persed form through the catalyst phase, 
and alkylation is effected as the princi- 
pal reaction. The drops coalesce to form 
a hydrocarbon phase upon reaching the 
surface of the catalyst body. A stream 
of this hydrocarbon phase is continuous- 
ly removed. Any entrained catalyst is 
removed from this stream by settling. 
Fresh alkylation catalyst is added direct- 
ly to the catalyst body to maintain its 
volume and activity. 

U.S.P. 2,407,137 describes about the 
same process, using an aluminum halide- 
hydrocarbon complex catalyst and treat- 
ing a mixture of a liquid paraffin and 
an olefin, the paraffin being used in mo- 
lar excess over the olefin. A mixture of 
normal butane and isobutene with a di- 
lute ethylene-containing gas may, for ex- 
ample, be used. 





POLYMERIZATION, CONVERSION 





U.S.P. 2,405,336. Polychloroprene Com- 
position. G. von Stroh to The Perma- 
nente Metals Corporation. 

The invention relates to a product 
which consists of polymerized chloro- 
prene synthetic rubber with a magnesia 
and carbon-containing product uniform- 
ly dispersed therein. This dispersed 
product is obtained as a residue from 
the distillation of crude condensate 
formed in the carbon thermic process for 
making magnesium. The properties of 
the polymers are favorably affected by 
compounding with said magnesia prod- 
uct. 


U.S.P. 2,405,395. Acetylene Process. W. 
H. Bahlke and M. T. Carpenter to 
Standard Oil Company (Indiana). 
Hydrocarbon vapors are contacted 

with fine granular solids maintained in 

turbulent dense-phase suspension or with 

a fluidized mass of hot refractory solids 

at a temperature of over 1800° F. The 

hydrocarbons are introduced at a low 
point in the reaction zone at sufficient 
velocity to maintain the solids in fluid- 
ized dense-phase condition. The reac- 
tion products are withdrawn from the 
upper part of the reaction zone. A stream 
of fluidized solids from the reaction zone 
is countercurrently contacted with hot 
combustion gases from a combustion 
zone and then enters this combustion 
zone where further heating takes place. 

The hot fluidized stream of solids is 

then returned to the reaction zone at a 

temperature substantially above that of 

the reaction zone. Aceylene formed is 
recovered from the products withdrawn 
from the reaction zone. 


U.S.P. 2,405,480. Polymerization Proc- 
ess. H. D. Wilde to Standard Oil De- 
velopment Company. 

Polymerizable olefinic material is re- 
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cut maintenance costs with 


AIRETOOL tube cleaners 





The simplicity of construction in all Airetool Tube Cleaners 
assures lower maintenance costs . . . and cleaner tubes for 
refineries. All, vital wearing parts in Airetool cleaners are easily 


‘replaceable on the job. 


Airetool’s New Form cutters eliminate tracking and give tubes 
a clean, smooth surface. Airetool’s motors, with Balanced Rotor 
and* Power Seal, deliver more power—they make hard jobs easy. 
The motors are air and steam or water driven for cleaners for all 
types of tubular construction—straight or curved—in sizes from 
V4" to 24”. 

Illustrated is the P type head mounted on a “3000” series motor, 


air or steam driven. It is designed for straight tubes from 24” to 
434" |. D. 


AIRETOOL expanders 


Airetool manufactures a complete line of tube expanders . . . 
meeting every need of the modern refinery. Special heat-treated 
alloy steels assure a uniform grain and hardness. 


Ww 


Write Dept. R. for bulletins on tube cleaners and expanders especially 
designed for use in refineries. 









Ye AIRETOOL 


Ww MANUFACTURING COMPANY 


SPRINGFIELD, OHIO 
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This high wheeled relic was a speed king in its 


day but you wouldn’t bet on it against today’s 
sleek models. Neither can you count on an out- 
moded heater to keep apace of modern refin- 


. 


ery demands. 


Modernizing existing heaters is an Alcorn spe- 


cialty. If production demands are over-taxing 
your heater it’s time to look to Alcorn. Competent 
Alcorn advice is readily available to you for the 
solution of your heating problems. Consult Al- 


corn now. 


ALCORN 


Combustion Company 


—= SCHAFF BUILDING, PHILADELPHIA 
SA - a los Angeles + Houston - San Francisco - Tulsa 





acted at a temperature substantially be. 
low atmospheric in the presence of 3 
Friedel-Crafts type catalyst by project- 
ing a chilled olefin stream into space, 
This stream is formed into a sheet after 
a substantial portion of the olefinic ma- 
terial has reacted to form vulcanizable 
polymer, and the sheet thus obtained is 
heated to 100-200° C. to remove readily. 
vaporizable constituents therefrom and 
produce a sheet comprising a major por- 
tion of vulcanizable polymer. The hot 
sheet is then extruded through an orifice, 


U.S.P. 2,405,950. Process for Polymer- 
izing Olefins. W. E. Hanford to E. I. 
du Pont.de Nemours & Company. 

A gaseous mono-olefin, such as ethyl- 
ene, is polymerized at 20-400° C. undera 
pressure of at least 4 atmospheres in the 
presence of a hydrazine or a hydrazini- 
um compound as the catalyst. Prefer- 
ably a pressure of 150-3000 atmospheres 
and a quantity of catalyst of 0.001-5 per 
cent by weight is employed. 


U.S.P. 2,405,962. Process for Polymeriz- 
ing Ethylene. A. T. Larson and N. W. 
Krase to E. I. du Pont de Nemours & 
Company. 

Ethylene is continuously polymerized 
to solid polymers of high tensile 
strength by subjecting the ethylene ina 
tubular reaction zone to temperatures 
between 100 and 400° C. and pressures’ 
above 500 atmospheres in the presence 
of a catalyst consisting of oxygen’ or 
substances yielding oxygen, in the ab- 
sence of a dispersing medium and in the 
presence of 1-6 parts of water per part 
of ethylene and of 0.1-2 parts of benzene 
or chlorobenzene. The solid polymer 
produced is continuously discharged 


















from the reaction zone. The quantity of 
oxygen present in the reaction zone is 
preferably 30-150 parts per million parts 
of ethylene. 


U.S.P. 2,405,993. Reactions With Iso- 
pentane in the Presence of a Liquid 
Catalyst. R. E. Burk to The Standard 
Oil Company (Ohio). 

A liquid petroleum fraction compris- 

ing normal hydrocarbons with at least 

6 C atoms is reacted with another pe- 

troleum fraction containing isopentane 

in the presence of a liquid HF catalyst 

in which is dissolved not over 50 mol MATE 

percent of boron trifloride resulting in telloy 

a partial pressure of boron trifluoride of : 

5-550 psi. The reaction is continued un- cops) 

der sufficient pressure to maintain the &j metal 

HF in liquid state. Hydrocarbons of 

a molecular weight intermediate to that 

of the reacting petroleum fractions are 

formed by this process. FLEXI 


U.S.P. 2,405,994. Averaging Propane and §§ wer 
Pentane. R. E. Burk to The Standard § corros 
Oil Company (Ohio). : 

A mixture of propane and pentane is ation, 
treated with the catalyst described in & source 
U.S.P. 2,405,993. The activity of the diff 
catalyst is controlled by adjusting the cu 
partial pressure of the boron trifluoride, 
and hydrocarbons with a boiling point 
intermediate that of propane and pet 
tane are produced. For example, a mie 
ture of ethane, propane, isobutane, 35 
butane, isopentane, N-pentane and high* 
er hydrocarbons may be obtained. 


U.S.P. 2,405,996. Process of Avera ging 
Hydrocarbons. R. E. Burk to | 
Standard Oil Company (Ohio). 

A light hydrocarbon fraction comm 
prising normal hydrocarbons of not ovef 
6 C atoms and a heavier hydrocarbon 
fraction comprising primarily .hydrocat 
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Manufactured under U. S. Patents No. 2,- 

210,808: No. 2,309,309; No. 2,338,928 and 

No. 2,341,091 and other Patents Pending. 
> 


MATERIALS? Chrome-nickel alloys, monel, Everdur, Has- RELIABILITY? The case histories of GLITSCH install- 
telloy, brass or copper can be fabricated into trays (and ations are repeated evidences of a trained engineering 
cops) for low-cost operation. GLITSCH can fabricate the and fabrication personnel assisting in planning both oper- 
metal your process engineer demands. ational and maintenance advantages for the petroleum 

and chemical industries. There is no obligation attached 


FLEXIBILITY OF DESIGN? GLITSCH can Sitinitin oll . ua discussion with GLITSCH representatives 


tower internals to meet process demands, vessel designs, 
Corrosive conditions, thermal conditions, as well as install- 
ation, inspection and maintenance problems. This re- Cop and riser assemblies may be made in various styles to 


sourcefulness has helped overcome many operating suit process requirements. The individual snap-in hold-down 
difficulties. for the cap with the set-on type riser affords a quick cleanout. 


MANUFACTURED UNDER U. S. PATENT NO. 2.210,808; NO. 2,309,309; NO. 2.338.926: 
NO. 2,341,091 AND OTHER PATENTS PENDING 


| flits he Fritz W. Glitsch & Sons Dallas 1, Texas 


New YorK OFFICE: SALMON TOWER BLDG., 11 West 42npD Sr. 
HouSTON OFFIGE: K. E. LuGerR Co., 3618 WASHINGTON Ave. 
TULSA OFFice: W. C. Mrers & Co., 10 East 4TH STREET BLDG. 
CHICAGO OFFICE: W. C. Myers & Co., 134 SoutH LASALLE ST. 
PITTSBURGH OFFICE: D. D. Foster Co., PeopLes Gas Co. BLDG. 
Los ANGELES OFFice: S. G. HIGGINBOTHAM & Co., 1619 Comstock Ave. 


TRUSS-TYPE” BUBBLE TRAYS @ BUBBLE CAPS @ TOWER INTERNALS 













































A SIMPLE, EASY-TO-HANDLE, 
MODERATELY PRICED, 
ORIFICE UNION. 

Ideal for flow control of Steam, 
Oil, Ammonia, Water, Gas and 
Air. Also for metering and mea- 
suring. 600 lbs. S. W. P. or 2000 
lbs. C. W. P. The ORIFICE 
plate is furnished in cold rolled 
18-8 stainless steel. ORIFICE 
plate and gaskets are set in a 
groove of solid steel to safeguard 
against blowing of gaskets and 
resultant trouble. The ORI- 
FICE union has extra heavy 
ends and nut with the nut 
threads permanently lubricated. 


NIONS 


ORIFICE: 
Orifice f=, 






+ SIZES 4” TO 3” 





AMERICA'S 
MOST UNIVERSALLY 
USED UNION 


PETRO unions have in- 
tegral steel to steel seats. 
Made to A. A. R. design. 
600 Ibs. S. W. P.-2000 Ibs. 
C. W. P. Extra heavy ends 
and nut with nut threads 
that are permanently lub- 
ricated. The seats are ma- 
chined and cold rolled. 


A PARTIAL LIST OF 
PROVEN SERVICES 


Pressures from a vacuum 
to 3000 lbs.: Temperatures 
from 100° below zero F. to 
1000° above zero F.: On 
Steam, Gas, Air, Oil, Gaso- 
line, Ammonia, Chemicals, - 
and any service in which 
Steel or Wrought Iron Pipe 
is Used. 

















CLAYTON MARK & COMPANY 











1900 DEMPSTER STREET > 









EVANSTON, ILLINOIS 








| and so on. 


| alumina and zirconia prepared by hy- 





bons with at least two more C atoms 
than contained in said light fraction are 
treated to produce hydrocarbons of in. 
termediate mol weight or “averaged” by 
reacting them.in the presence of a cata- 
lyst comprising liquid HF and less than 
50 mol percent of boron trifluoride dis- 
solved therein. Sufficient pressure js 
used to maintain the HF and the hy- 
drocarbons in the liquid state. Catalyst 
activity is régulated by adjusting the 
partial pressure of the boron trifluoride. 


U.S.P. 2,405,997. Averaging with Pen. 
tane. R. E. Burk to The Standard Oj] 
Company (Ohio). 
A normally liquid hydrocarbon frac- 

tion comprising paraffinic hydrocarbons 

with at least 7 C atoms and a lighter 
hydrocarbon fraction comprising nor- 
mal pentane are “averaged” with the 

type of catalyst described in U.S.P. 

2,405,996 and under approximately cor- 

responding conditions. . 


U.S.P. 2,406,081. Polymerization of Ole. 
fin Hydrocarbons. W. A. LaLande 
and H. Heinemann to Porocel Cor- 
poration. 
-Normally gaseous olefins, such as iso- 

butylene or a mixture of isobutylene and 

n-butylene, are polymerized to liquid 

hydrocarbons by contacting them at a 

polymerizing temperature below 350° 

F, with bauxite which has been acti- 

vated by heating at 700-1800° F. to a 

residual moisture content of not more 

than 6 percent by weight. The aliphatic 
polymers or copolymers obtained are 
useful in the manufacture of motor fuel. 


U.S.P. 2,406,555. Process for the Con- 
version of Hydrocarbon Oils. H. Z. 
Martin to Standard Oil Development 
Company. ; 
Residual oils which contain constitu- 

ents unvaporizable without decomposi- 

tion are converted into motor fuel by 
passing the oils in indirect heat ex- 
change with a regenerated catalyst. The 
cooled regenerated catalyst is returned 
to the zone. The heated oil is mixed 
with regenerated catalyst while the lat- 
ter is at the regenerating temperature. 

Sufficient catalyst is added to the oil 

to supply all additional heat necessary 

for cracking the oil and completely ad- 
sorb all oil constituents remaining un- 
vaporized at the mixing temperature. 

The resulting mixture is passed through 

a cracking zone. The cracked products 

are separated from the catalyst and 

fractionated. Any adsorptive cracking 
catalyst in a subdivided state can be 
used, such as natural or activated clay, 
synthetic gels of silica and alumina, 


U.S.P. 2,406,613, 2,406,614. Conversion 
of Hydrocarbon Oil. E. C. Lee an 
C. L. Thomas to Universal Oil Prod- 
ucts Company. 

Hydrocarbon oil is subjected under 

conversion conditions to the action of 4 

composite catalyst comprising _ silica, 


drolytically absorbing alumina and zit 
conia in a purified silica hydrogel ané 
heating the resulting mass to remove 4 
major portion of its water content 
Solutions of aluminum and zirconium 
salts may be contacted with the silica 
hydrogel and the oxides are then pre 
cipitated on the gel by hydrolysis of the 
salts. 

According to U.S.P. 2,406,614 the 
catalyst used in the conversion of hydro- 
carbons is prepared by compositing 4 
purified silica gel with decomposable 
salts of aluminum and zirconium af 
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TANDEM 


COMBUSTION UNIT 


MAINTAINS A HIGH FLAME 
TEMPERATURE ON EITHER 


GAS or OIL 


The Tandem Combustion Unit can be “lighted off” in a 
cold furnace and brought, quickly, to full capacity with 
a clean flame. It has a high turndown ratio with a steady 
flame, and can maintain a high flame temperature with 
either gaseous or oil fuels. The flame (regulated and di- 
rected) uniformly radiates heat to the absorbing sur- 
faces without flame impingement. 


Burning fuel oil, tar, sludge or gas, the Tandem Com- 
bustion Unit is extremely versatile, is economical of fuel 
and requires minimum supervision and maintenance. sen pine " 
= 


Write for detailed information. 
!llustrated are 3 of 14 Tandem Combustion Units (shown in diagram above) 
installed in a large Oil Cracking Furnace. 


I neal 


Main Offices & Factory: 1254 EAST SEDGLEY AVENUE, PHILADELPHIA 34, PA. 
Texas Office: 2nd National Bank Bldg., Houston 
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The 
ALL-PLASTIC 
PROTECTIVE 

COATING 
for 
METAL, WOOD, 
CONCRETE 








RESISTS ACIDS, ALKALIES, 
WATER, OIL, GREASE 


Even the best oil-base paints have tough going when exposed to the 
corrosive-fume-and-gas-laden atmosphere common to heavily industrial- 
ized districts. 

That’s why the chemical industries specify Tygon, the all-plastic 
protective coating, as their standard paint for walls, structural steel, fans, 
ducts, machines, vats, etc., exposed to chemical fumes. 

) They have learned through experience that Tygon Paints will give 
up to three and four times the maintenance-free life of other type 
coatings . . . that Tygon Paint provides real protection against even the 
most corrosive atmospheres. 

You see, Tygon Paints are not affected by oxidation, the destructive 
force that causes ordinary paints to check, craze, and chalk-off. A Tygon 
paint film remains chemically unchanged throughout its long life. And 
Tygon Paint films do not become brittle. They remain flexible, resilient, 
resistant to impact. 

But test Tygon Paint, yourself. Place a trial order today for our 
special Trial Offer Kit: a quart of Tygon Primer, a quart of Tygon Paint 
(white, black, gray, green, red, aluminum or clear) and a pint of Tygon 
Thinner—postpaid anywhere in the continental United States—$5.00. 


‘ Shove wal hive 


| U.S.P. 2,405,660. Method. of Producing 





_a lighter layer. The dearomatized hydro- 


Areated in this way and an amount 0 











heating the composite to form the oxides 
of these métals. 





Toluene. N. F. Linn to Standard Oi] 

Development Company. 

A hydrocarbon product obtained by 
the hydrogenation of carbon monoxide 
is fractionated into a naphtha fraction 
and a gas-oil fraction. The latter is 
cracked at 825-925°F. in the presence of 
a catalyst. A fraction boiling at 210- 
250°F. is recovered from the cracked 
product and combined with the naphtha 
fraction previously- obtained. The com- 
bined fractions are reformed at 850- 
1000°F. under 100-400 psi. pressure in 
the presence of hydrogen and of a cata- 
lyst which contains an oxide of a group 
VI metal. A fraction boiling at 210- 
250°F. is recovered from the resulting 
product and the aromatics contained in 
this fraction are separated, for example 
by extraction with a solvent followed 
by treatment of the extract phase with 
a paraffinic hydrocarbon such as pen- 
tane. 
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HYDROGENATION, 
DEHYDROGENATION, 
AROMATIZATION 









U.S.P. 2,405,184. Aromatizing with Con- 
sumption of Hydrogen. R. E. Burk 
and E. C. Hughes to The Standard 
Oil Company (Ohio). 

Non-benzenoid hydrocarbons, such as 
petroleum naphtha, are subjected to the 
action of an aromatizing catalyst such 
as aluminum oxide combined with an 
oxide of a metal of the sixth group in 
the presence of hydrogen at 850-1100° F. 
and under a partial hydrogen pressure 
of not over 300 psi. The hydrogen pres- 
sure is adjusted in such a manner that 
the amount of hydrogen consumed dur- 
ing aromatization is in excess of that 
produced in the process and that hydro- 
genation products include methane are 
produced in an amount greater than 
off-gas hydrogen. The methane is segre- 
gated from the products and catalyti- 
cally reacted with steam to form hydro- 
gen which is recycled to the aromatiza- 
tion process. A co-precipitate of alumi- 
num oxide and chromium oxide may be 
used as the aromatization catalyst. 


U.S.P. 2,405,995. Process for Dearoma- 
tizing and Modifying Hydrocarbons 
with Hydrogen Fluoride and Boron 
Trifluoride. R. E. Burk to The Stand- 
ard Oil Company (Ohio). 

A mixture of aromatic and non-aro- 
matic hydrocarbons is treated with a 
composition of liquid HF and boron 
trifluoride dissolved therein. The aro- 
matic hydrocarbons form a complex 
with the composition. The fluoride com- 
position containing the aromatic-fluoride 
complex is separated as a heavier layer 
and the aromatic-free hydrocarbons as 
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carbons are then treated without the 
removal of any fluorides remaining 
therein, with a HF-boron trifluoride 
catalyst which acts to modify the chem'- 
cal structure of the non-aromatic hydro- 
carbons. A kerosine containing 18 per- 
cent aromatics can, for example, be 
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6-7 percent of aromatics is obtained in 
the raffinate. 


U.S.P. 2,405,436. Catalytic Dehydrogen- 
ation. K. C. Laughlin to Standard Oil 
Development Company. 

Hydrocarbons are continuously dehy- 
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When Lead’s on Guard, 






In addition to its proved corrosion re- 
sistance, lead is a simple material 
to install. It can be readily hammered 
and conformed to any shape, And the 
sheets are easily burned to form con- 


tinuous, corrosion-resistant surfaces. 





Wherever acid is part of the process, you ns 
the problem of confining acid’s bite to useful work...o 
preventing destructive attack on the equipment itself. 
Culled from National Lead Company’s broad ex- yA 
perience in every field handling corrosive solu. 
lions and gasses, here are suggestions that will 4 
your tank and equipment linings : 
and coverings last longer. 


“T Get the Advantages Ss of Lead Because of its high cor- 
rosion resistance, sheet lead is a standard material for the lining of 
vats, tanks, agitators and similar types of equipment. It is also em- 
ployed extensively as a protective covering for apparatus subjected 


help ile to corrosive fumes or acid splash. 


In addition to corrosion resistance, sheet lead has other desirable 
properties which adapt it to industrial use. Being pliable and malleable, 
it is easily worked and can be readily shaped. The low melting point of 

lead facilitates “‘burning”, or welding sheets together to form continuous 
corrosion resistant surfaces. Finally, sheet lead’s relatively low initial cost, 
long life and high salvage value make it economical to use. 


7 ry 
| £f 
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Get the Right Lead tn the 


handling of corrosive chemicals, the 
& following three types of lead are usu- 
ally employed : 








Chemical Lead sheet is used to form these gE 

dehydrator stack connection flues, in an acid “4 

plant, because they carry steam containing BE 

sulfuric acid. : Chemical Lead — This is a practically pure 


FE lead, free from bismuth and characterized 
by the presence of about .06% copper— 
which increases its corrosion resistance, 
tensile strength and fatigue strength. It has 

been so successfully used throughout in- 
dustry that it is accepted as the base lead 
for acid-handling purposes. 





Tellurium Lead’s ability to stand up E The other types for industrial use are 


under vibratory stress is one of the fea- : . . : 
lures that recommend it for the cover- a simply Chemical Lead alloyed with varying 
ings of rayon spinning machines, such fr quantities of other metals, to meet special 


us this, oer cecsyen, mixing tanksand 


other equipment subject to vibration. service conditions. 

Tellurium Lead— This is Chemical Lead to which 
a small quantity of tellurium has been added. 
All the desirable qualities of regular lead are 
retained and certain new ones added. 


One outstanding feature resulting from the 


They will work with you... 
Remember, whether you want a single valve . . 
acid recovery plant . 





Tellurium-Antimonial Lead 
's used to line this oil refinery agita- 
tor. The depth of the tank and the 
relatively few supporting straps 
called for the use of a lead hard- 
ened and stiffened with antimony. 





bo Nation” 
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addition of tellurium is improved corrosion 
resistance at high temperatures. 


Another important quality is the ability 
to work-harden. Mechanical action, such 
as rolling, bending, stretching or hammer- 
ing, increases Tellurium Lead’s tensile 
strength and resistance to fracture. 


Antimonial Lead — This is made from either 
Chemical Lead or Tellurium Lead, alloyed 
with various percentages of antimony to 
secure greater mechanical strength. 


Lead containing 6% antimony has a 
tensile strength approximately twice that 
of Chemical Lead. This fact, combined 
with its greater hardness and stiffness, 
makes it suitable for use in tanks where 
the mechanical strain is severe. Also, 
Antimonial Lead has added abrasion re- 
sistance and can be used where erosion is 
a problem. Because antimony lowers the 


. melting point, Antimonial Lead is recom- 


mended for use only with temperatures 
below 240° F. 


Get the Ex perienc e of National Lead If there is no previous service record to guide the 
selection of lead for a particular installation, consult the technical staff of National Lead Company. 
help you profit by the experience of users in many different industries. 
. sheet lead for lining a tank ... or a complete 


. it will pay you to Go “ NATIONAL” for Lead. 


NATIONAL LEAD COMPANY 
111 Broadway, New York 6, N.Y. 


Offices and Plants 
in Principal Cities and Canada 
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Cadmium Plated For Protection 
Against Corrosion and For Better 
Appearance 

® High-Grade Woven Monel Wire 
Screen 

® Readily Removed Steel Blow- 
Off Bushing 

® Screen and Bushing Come Out 
Together—Go Back Together, 
Automatically Aligning 

® For Steam Lines or Water, Oil 
and Other Fluids 

@ Reasonably Priced 

® 6 Sizes from 4s" to 2” for Pres- 
sures up to 600 lbs 

@ Many Thousands in Service 


@ Sold by Over 100 Mill Supply 


Houses 


See Your Supply House or 
Send for Bulletin S-201 


YARNALL-WARING COMPANY 


128 Mermaid Avenue PHILADELPHIA 18, PA. 


WAY STRAINERS 


drogenated in the presence of a steam- 
insensitive catalyst and steam at ele- 
vated temperature. Catalyst activity is 
maintained at a high level by increasing 
the ratio of steam to hydrocarbons as 
the catalyst activity tends to decline. 
The process may, for example, be used 
in the production of butadiene from 
butene-2, or of styrene from ethyl ben- 
zene. 


U.S.P. 2,406,110. Manufacture of Hy- 


bon, such as 2,2,3-trimethvl butane, is 
produced by reacting a mono-olefinic 


methyl ethylene, with a methyl halide, 


obtained, such as 2,3,3-trimethyl bu- 




















drocarbons. L. Schmerling to Univer- 
sal Oil Products Company. 
A branched-chain paraffin hydrocar- 









hydrocarbon, such as trimethyl or tetra- 







such as methyliodide, in the presence of 
lead oxide. The higher mono-olefin thus 








tene-l1, is hydrogenated to the corre- 
sponding paraffin. 






U.S.P. 2,406,688. Process for Producing 
Olefinic Hydrocarbons. A. W. Horton 
and J. Kellett to Socony-Vacuum Oil 
Company. 

Olefinic hydrocarbons with at least 6 
C atoms and two tertiary C atoms, such 
as 2,3-dimethyl butenes, are produced 
by passing vapors of paraffinic hydro- 
carbons with the same number of C 
atoms and a quaternary C atom, such 
as neohexane, at temperatures between 
800 and 1200°F. over a catalyst com- 
prising Cr2Os. 


U.S.P. 2,406,851. Fischer Synthesis. A. 
K. Redcay to Standard Catalytic 
Company. 

Hydrocarbons with more than 1 C 
atom are produced by reacting a gas- 
eous mixture of hydrogen and carbon 
monoxide in the presence of a solid 
catalyst suspended in the gaseous mix- 
ture. The reaction temperature is con- 
trolled by separation and return to the 
reaction zone of a liquid product se- 
lected to vaporize completely at the tem- 
perature prevailing at its point of entry 
into the reaction zone. Hydrocarbons 
boiling in the motor-fuel boiling range 
can be produced in this manner, and 
the product returned to the reaction 
zone may have a final boiling point from 
5 to 10°F. below the temperature of the 
reaction zone. A reaction temperature 


of 360-410°F. is preferred. 

































U.S.P. 2,406,864. Manufacture of Hydro- 
carbons. C. L. Thomas to Universal 
Oil Products Company. 

In the synthesis of hydrocarbons from 
carbon monoxide and hydrogen in the 
presence of a hydrogenating catalyst 
containing thoria and at least one of the 
metals of group VIII of the periodic 
system, this catalyst is associated with 
an isomerizing and cracking catalyst 
which consists of a major proportion of 
silica and a minor proportion of at least 
one of the oxides of alumina and zit- 
conia. Hydrocarbons of high antiknock 
value are produced by this process. 


<a 


CATALYST PREPARATION 
ACTIVATION AND REGENERATION 


ee 


U.S.P. 2,405,408. Preparation of Syt 
thetic Gels. G. C. Connolly to Stand 
ard Oil Development Company. _.” 
Silica gels containing a metal oxide 

and suitable for use in the conversio 

of hydrocarbon oils are obtained by 
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Stainless ‘steel vessels 


help harness Atomic Power 


A PERFORMANCE RECORD restricted by the War Department 


is now released for publication: 


The urgent need of producing atomic power necessitated fast 
deliveries of hundreds of specially-designed vessels, 
involving more than 1,000,000 pounds of 25-12 
Stainless Steel. The vessels were fabricated to exact 
tolerances and required unusual heat treatment of 
2000° F. and quench to atmospheric temperature in 
less than three minutes. 


Thus, SOUTHWEST adds another big job to its already 
proved record of fabricating Stainless Steel, Monel, Ev- 
erdur, Hastelloy, Dural and other alloys. 
Our knowledge and facilities are avail- 


able to YOU. 





Southwest Welding & Manufacturing Co. 
Alhambra, California 
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Ready...in a Flash! 








Simply remove ringpin and 
push lever down. 














Open nozzle and direct 
chemical stream at base of 
flames. 


Write today for new catalog and author- 
itative data showing characteristics of all 
types of approved hand fire extinguishers. 


ANSU 


FIRE 
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DRY CHEMICAL 


FIRE EXTINGUISHERS 


Greatly increased fire-killing ca- 
pacity. 
Simplified operation. 


Expert performance by inexperi- 
€nced operators. 


Quick, easier on-the-spot re- 
charge after use. 


More fire stopping power pound 
for pound, dollar for dollar. 


Greater heat-shielding protection 
for operator. 


Increased fire-fighting capacity 
without increased weight. 


Engineered to resist corrosion. 


Install the NEW Ansul-Dugas Ex- 
tinguishers at all hazard spots for 
greater protection against all fires 
involving flammable liquids, gases 
and electrical equipment. 


53% More... 


FIRE STOPPING POWER 
with the NEW FASTER ACTING 
ANSUL-DUGAS 


FIRE EXTINGUISHERS 


Listed and Approved by Underwriters’ Lab- 
oratories and Factory Mutual Laboratories. 


CHEMICAL COMPANY 


EXTINGUISHER DIVISION © MARINETTE, WIS. 












impregnating a silica hydrosol with a 
solution of a metal salt such as an 
aluminum salt, converting the hydrosol 
to hydrogel, and thereafter decomposing 
the metal salt to the corresponding ox- 
ide. The catalysts obtained show un- 
usually high activity. 


U.S.P. 2,406,112. Process for Catalytic 
Hydrocarbon Conversion. W. A. 
Schulze to Phillips: Petroleum Com- 
pany. 

A hydrocarbon fluid in admixture with 
water. vapor as a-diluent and heat car- 
rier is contacted under conversion con- 
ditions with a water-resistant catalyst. 
The hydrocarbon flow is interrupted 
after deposition of a deactivating amount 
of carbonaceous material upon the cata- 
lyst. The catalyst is reactivated by pass- 
ing therethrough an oxygen containing 
gas at.combustion temperatures below 
those which may be harmful to the 
catalyst. The reactivated catalyst is de- 
hydrated to remove the water formed 
during the reactivation by passing a 
dehydrated gas at elevated temperature 
through the reactivated catalyst. 


U.S.P. 2,406,477. Catalyst Manufacture. 
E. Salomon and L. G. Rubin to The 
M. W. Kellogg Company. 

A carrier gas inert under the condi- 
tions of the process, such as nitrogen, 


| gaseous paraffin hydrocarbons, or fluo- 
| ranes, is first passed over a solid adsorp- 





tive agent to dehydrate the gas and 
then over granular AICI; at 100-400°F. 
and at a velocity sufficient to vaporize 
substantial quantities of AlCls. An ad- 
sorbent catalyst support free from water 
is contacted with the gas-AlCls mixture 
without essential change in temperature 
and velocity of this mixture for a period 
sufficient to saturate the adsorbent sup- 
port with AlCl. The material thus ob- 
tained is then contacted at a _ lower 
temperature with the carrier gas at in- 
creased velocity for a period sufficient 
to transfer AICI, within and equalize 
the AICI; distribution throughout the 
impregnated support. 


U.S.P. 2,406,646. Manufacture of Cata- 
lysts. G. M. Webb and M. A. Smith to 
Universal Oil Products Company. 

A catalytic composite of alumina and 
at least one other inorganic catalyst for 
hydrocarbon conversion reactions is pro- 
duced by adding a volatilizable ammo- 
nium salt to a solution of an aluminum 
salt and a compound which is decom- 
posable to an inorganic oxide by heating 
(such as a compound of a metal from 
the left-hand column of group V of the 
periodic table). The composition of the 
resultant ammonium salt containing 
solution shall be such as to preclude 
precipitation of the aluminum salt and 
other metal compound. The solvent is 
then evaporated from the solution, and 
the residue is heated sufficiently to vola- 


| tilize the ammonium salt and to decom- 





pose the aluminum salt and the other 
metal compound to form the correspond- 
ing oxides. The catalyst produced by 
this process is said to be superior im 
activity to those of similar chemical 
composition prepared by co-precipita- 
tion. 


U.S.P. 2,406,869. Catalyst Preparation. 
J. D. Upham to Phillips Petroleum 
Company. 

A normally solid anhydrous metal 
halide of the Friedel-Crafts type is dis- 
solved in a liquid anhydrous hydrogen 
halide which is then volatilized from the 
solution by spray drying under condi 
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Wiedeke Ideal Tube Expanders 


Fig. 40 Ideal Ace Tube Expanders, used for most types of Stationary, Locomotive 
and other Fire Return Tubular Steam Boilers. In 52 years of rolling they have 
achieved a most enviable record for service, economy and durability. 


wikOExe 
IDEAL FLUE TOOLS 
OavTon 


— 
TRADE MARK 


ASSURANCE 
OF QUALITY 


ie Ideal Tube Expanders are 
our specialty. We have de- 

veloped a complete line of 

Expanders and Tube Cutters, fully illus- 

trated in IDEAL CATALOG No. 57. 
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“A long stud bolt, holding the compression 
cylinder to the base of my electric water pump, 
blew out. It took away all metal around the 
threads and about 34” of metal in the pump 
base under valve plate and gasket. The manu- 
facturer of the pump couldn’t supply me with a 
new part. The best local machine shop told me 
the pump was broken beyond repair. 

“| had heard of Smooth-On No. 1 Iron Repair 
Cement, but had never used it. | decided to try 
it. Using Smooth-On, | carefully built up the 
broken section to its original shape and left it 
to set for a couple of days. | then replaced the 
gasket and piston head, and tried out the pump. 
It worked perfectly—and has been in service 
ever since, under pressures up to 45 Ibs. 

“Other mechanics have examined this job and 
tell me that such a solid repair is almost unbe- 


lievable.” 
W. L. H., West Virginia. 
(Name on request) 


You, too, can make many repairs to broken 
parts and connections, and can seal cracks, stop 
leaks, and tighten loose parts with Smooth-On 
No. 1. It sets as hard as metal and stays tightly 
in place, because it expands slightly as it sets. 
1-, 5-, 25- and 100-Ib. sizes. Ask for Smooth-On 
at your regular supply house. If they haven’t it, 
write us direct. 


REPAIR 
HANDBOOK 


This 40-page book describes and 
shows pictures of many practical 
short-cut repairs made with Smooth- 
On No. 1 on plant, home and auto 
equipment. 170 diagrams. Pocket 
size. Invaluable for engineers, me- 
chanics and repairmen. Send coupon 
for your copy. 








-«*++-+-+ «= Sign and Send Now - - - - «. - - 


Smooth-On Mfg. Co., Dept. 11, 
570 Communipow Ave., . sey City 4, N. J. 
Please send me a Smooth-On Handbook 


NAME 
ADDRESS 
11-46 


Do it with SMOOTH'ON 











tions effecting precipitation of solid 
metal halide as finely divided particles 
containing in intimate association less 
than 5 percent by weight of residual 
hydrogen halide. . 





DESULFURIZATION 





U.S.P. 2,405,258. Process for Desulfuriz- 
ing Hydrocarbons. G. R. Lake ,to 
Union Oil Company of California. 


A coal-tar fraction boiling in the ben- 
zene range and comprising thiophane 
and thiophene is distilled in the presence 
of a polar organic material forming an 
azeotrope with thiophane and having a 
boiling point within 50°F. of the average 
boiling point of the treated mixture of 
sulfur compounds, such as acetone. The 
thiophanes together with the azeotrope 
former are thus vaporized, while the 
aromatic hydrocarbons and thiophanes 
are left in the residue and may then be 
separated from each other. 


U.S.P. 2,405,872. Method for Removing 
Weakly Acidic Sulfur Compounds 
from Hydrocarbon Oil. G. W. Ayers 
and D. M. Barton to The Pure Oil 
Company. 

Weakly acidic sulfur compounds are 
removed from hydrocarbon oil by con- 
tacting the oil with an aqueous solution 
containing at least 5 percent by weight 
of free alkali metal hydroxide and a 
sufficient amount of the soluble reaction 
products of an alkali and high-boiling 
tar acids which have been freed by 
water washing of constituents that react 
with FeCl; in aqueous solution to im- 
part thereto a greenish-black coloration. 
The ability of the added aqueous solu- 
tion to extract sulfur compounds from 
the hydrocarbon oii is thus enhanced. 


U.S.P. 2,405,905. Removal of Sulfur 
Compounds from Hydrocarbon Poly- 
mers. H. Schindler to The Pure Oil 
Company. 

An olefinic C, fraction obtained in the 
stabilization of cracked gasoline is con- 
tacted with 65-70 percent sulfuric acid 
at 20-45° C. and under a pressure suf- 
ficient to maintain the C, fraction in 
liquid phase. The residual C, fraction is 
separated from the reaction mixture. 
The latter is then neutralized and frac- 
tionated to separate polymers from 
lower-boiling normally-gaseous hydro- 
carbons. The polymers are contacted 
with siliceous solid adsorptive material 
at temperatures below the vaporization 
temperature of the polymers to remove 
sulfur compounds from the polymers. 


U.S.P. 2,406,200. Catalytic Treatment of 
Hydrocarbon Oils. R. M. Cole to 
Shell Development Company. 
Sulfur-containing hydrocarbon oils, 

such as gasoline, are continuously hy- 
drogenated to remove the sulfur while 
maintaining the antiknock properties. 
The hydrogenation is carried out in the 
presence of an active preformed heavy- 
metal sulfide catalyst. This catalyst has 
been preconditioned by its continuous 
employment for at least 200 hours in the 
catalytic dehydrogenation of a rela- 
tively sulfur-free hydrocarbon fraction 
containing less than 0.15 percent S. The 
process permits the employment of hy- 
drogenation temperatures and _ high 
throughput rates and effects a thorough 
removal of sulfur compounds. 








HEAVY OILS AND WAXES 





U.S.P. 2,405,482. Chemical Products and 
Process of Preparing Same. J. C. Zim- 
mer and A. J. Morway to Standard 
Oil, Development Company. 

Paraffin wax is treated with chlorine 
until it contains about 30-40 percent by 
weight of chlorine. The product ob- 
tained is reacted with 2-5 percent of 
PSs at 250-370°F. The final product can 
be used as an extreme-pressure lubricant. 


U.S.P. 2,406,549. Lubricant Containing 
Condensation Product. E. Lieber to 
Standard Oil Development Company. 
The invention relates to a lubricant 

which comprises a major proportion of 

lubricating oil and a _ pour-depressing 
amount of a Friedel-Crafts condensa- 
tion product of an aromatic compound 

and a saturated ester with less than 10 

C atoms and at least 1 ester group. This 

product is soluble in mineral oils and 

non-volatile at 600°F. under fire and 
steam distillation. The aluminum chlo- 
ride condensation product may e.g. be 
formed from 1 mol of aromatic hydro- 
carbon, such as naphthalene, and about 
0.5-2 mols of methyl acetoacetate. 


U.S.P. 2,405,607. Compounded Lubri- 
cant. D. T. Rogers to Standard Oil 
Development Company. 

The lubricant described in this patent 
comprises a mineral lubricating oil base 
stock and a small proportion of a reac- 
tion product of a combination of the 
elements S and P with a product ob- 
tained by reacting a phenol] with a sulfur 
chloride derivative of an olefin. The 
amount of additive shall be sufficient to 
stabilize the oil against deterioration. 
For example, 0.1 to 2.0 percent by weight 
of a reaction nroduct may be employed 
which is produced by the combination 
of S and P with a product obtained by 
reacting 1 part of phenol with 8-10: parts 
of a sulfur monochloride derivative of 
diisobutylene. 

U.S.P. 2,405,608. Compound Lubricant. 
D. T. Rogers to Standard Oil Devel- 
opment Company. 

This patent differs from U.S.P. 2,405,- 
607 only in that a metal salt of said 
reaction product is employed. For exam- 
ple a salt of a metal of group II of the 
periodic table, such as a zinc salt, may 
be used. 
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means specify The PRESSED 
STEEL COMPANY as an... 


‘|Antidote for Bubble Cap 
Worry and Expense 


¥ — P.S. (for Pressed Steel) Alloy Bubble Caps to handle. When in operation, maintenance 
are specified without hesitation by modern departments report P. S. caps excel cast 
refineries. iron in freedom from breakage and slower 


When compared to cast iron, engineers 


know their 75% less weight is a decided comin. —— ath 
advantage in lowering construction costs P. S. fabrication facilities are adapted to 


of sectional trays. P. S. caps can be in- the rapid production of Bubble Caps in any 
Stalled faster, too, because they are easier style, size or quantity and of any alloy. 





Send blueprints and specifications and we will submit a proposal. 


THE PRESSED STEEL COMPANY 
.f WILKES-BARRE, PENNSYLVANIA 
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U.S.P. 2,356,630. Production of Catalyt- 
ically Cracked Gasoline. F. C. Fahne- 
stock to Socony-Vacuum Oil Com- 
pany. 

A gasoline, free of corrosive sulfur, is 
obtained from sulfur-containing hydro- 
carbons by cracking them in the presence 
of a solid adsorptive catalyst, removing 
from the conversion products those por- 
tions heavier than the desired gasoline, 
cooling the remaining gasoline vapors 
and lighter products and separating the 
uncondensed gases which contain hydro- 
gen sulfide and sulfur dioxide produced 
on the catalyst in a preceding regenera- 
tion period. The uncondensed gases are 
the compressed, cooled and recombined 
with the liquid gasoline fraction under 
higher pressure, and a second separation 
of liquid and gases is effected at this 
higher pressure. The sulfur-containing 
gases are removed and the liquid is 
passed in a sulfur-free state to a stabi- 
lizer, The sulfur-bearing gases are 
scrubbed with a reagent capable of ef- 
fecting removal of either HeS or SOs, or 
both, such as caustic alkali, to recover 
valuable gases entrained in the raw gas. 


U.S.P. 2,365,993. Process for Refining 
Oils. F. A. Apgar to Sinclair Refining 
Company. 

Light petroleum distillate is freed from 
sulfur compounds by first contacting it 
at elevated temperature and in the ab- 
sence of oxygen with an aqueous sus- 
pension of cadmium hydroxide, convert- 
ing the mercaptans present. to cadmium 
mercaptides, insoluble in hydrocarbons. 
The separated distillate is then treated 
with air at an elevated temperature, con- 
verting traces of mercaptides in solution 
to disulfides. 

The cadmium hydroxide is advanta- 
geously used in an alkaline suspension 
at 180-260° F. 


U.S.P. 2,366,545. Processes for Sweeten- 
ing Hydrocarbon Oils. C. S. Morris to 
Petrolite Corporation Ltd. 

The “break” in the sweetening of sour 
hydrocarbon oils by doctor solution and 
elementary sulfur is induced by the addi- 
tion of a reagent which comprises a bas- 
ic acylated aminoalcohol containing at 
least one radical RCO. (OR")wN. In this 
radical RCO is the acyl radical of a mon- 
ocarboxy detergent forming acid with 
8-32 carbon atoms; the amino nitrogen 
atom is basic; R’ is an alkylene radical 
with 2-10 carbon atoms; and wy isa 
whole number from 1-10. The molecu- 
lar weight of the compound. in mono- 
meric form is 213-4000, Either the an- 
a base or the hydrated base or salts 
of this amino compound are used in an 
amount of less than 0.02 per cent of the 
oil to be sweetened. 


U.S.P. 2,366,580. Regeneration of Doc- 
tor Solution. H. H. Walker and J. P. 
Mostyn to The Texas Company. 
Spent doctor solution containing hy- 

drocarbon oil is regenerated by passing 

an oxygen-containing gas through the 
solution in a plurality of stages with pro- 
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gressively increasing regeneration tem- 
peratures the lowest of which is at least 
150° F. The. quantity of the gas em- 
ployed in each stage is sufficient to ac- 
complish substantial regeneration of the 
solution in that stage. The last regener- 
ation step is carried out in a closed re- 
action zone from which hydrocarbon- 
containing vapors are removed and re- 


. covered. A temperature of 185-200° F. 


may be employed in this last stage. 


U.S.P. 2,367,178. Process for the Treat- 
ment of Light Petroleum Distillate 
Containing Undesirable Sulfur Com- 
pounds. F. A. Apgar to Sinclair Re- 
fining Company. 

Sulfur compounds are eliminated from 
light petroleum distillate by intimately 
contacting the distillate at elevated tem- 
perature and in the absence of air with 
caustic soda solution, The distillate is 
then separated from the fouled aqueotfs 
solution, and intimately contacted at ele- 
vated temperature and in the presence 
of a controlled quantity of air with a 
suspension of lead sulfide in aqueous 
caustic solution. 

A temperature of 180-260° F. is em- 
ployed in both stages of the process and 
a quantity of 25-35 volumes of a caustic 
soda solution of 10-30° Be. is used for 
each 100 volumes of distillate. 


U.S.P. 2,369,432. Desulfurization of Cata- 
lyst. A. C. Byrnes to Union Oil Com- 
pany of California. 

A catalyst for the desulfurization of 
hydrocarbons is prepared by. comming- 
ling an aqueous solution of a salt of Fe, 
Ni, or Co with a water-soluble ammo- 
nium salt of Mo, The mixture is ren- 
dered alkaline with NH.OH to precipi- 
tate metal molybdate which is recovered. 


U.S.P. 2,369,554. Process for the Prep- 
aration of Sweet High-Octane Gaso- 
line. H.G.M. Fischer to Standard Oil 
Development Company. 

Sour gasoline is treated with aqueous 
sodium plumbite solution. On addition 
of sulfur an upper sweetened gasoline 
phase and a lower emulsion phase are 
formed. The emulsion phase is centri- 
fuged and the thus recovered low-grade 
gasoline is subjected to either thermal 
or catalytic reforming at about 900-1050° 
F, and under increased pressure to re- 
cover a product of low sulfur content 
and high octane number which is added 
to the sweetened gasoline. 


U.S.P. 2,369,558. Process for Sweetenin 
Sour Hydrocarbon Oil. G. R. Gilbert 
to Standard Oil Development Com- 
pany. 

Sour hydrocarbons containing mercap- 
tans and other sulfur compounds are 
sweetened by passage at a relatively low 
temperature over a calcined agent com- 
prising bauxite impregnated with lead 
oxide. The calcined agent is produced by 
impregnating bauxite with lead mercap- 
tides and then oxidizing the latter to 
lead oxides, for instance by heating in 
the presence of air at 750-900° F. 


U.S.P. 2,369,771. Removal of Sulfur 
Compounds from Hydrocarbon Oil. D. 
C. Bond to The Pure Oil Company, 
Alkali solution which has been used 

for the extraction of acid sulfur com- 
pounds, e.g., mercaptans, from hydrocar- 
bons is reactivated by contacting it with 
air in the presence of a small amount of 
an aromatic compound containing three 
hydroxyl groups which are linked to a 
single benzene ring in immediately ad- 
jacent positions. Pyrogallol is a suitable 
compound, A wood-tar fraction contain- 
ing such aromatic compounds may be 
used for this purpose in a quantity to 
about 0.01-2 percent by weight of the 
solution to be treated. 


U.S.P. 2,370,819. Refining of Mineral Oil. 
I. J. Staid and J. E. Murphy to Stand- 
ard Oil Development Company. 
Petroleum oil containing mercaptans 

is sweetened in a continuous process by 

treating it with an alkali plumbite solu- 
tion and with sulfur to convert the pri- 
marily formed lead mercaptides to lead 
sulfide and alkyl disulfides. The emul- 
sion mixture obtained in this way is con- 
tinuously passed to a settling zone where 
the mixture separates into three layers, 
an upper oil layer, a. middle emulsion 
layer and a lower spent plumbite layer. 

Each of these layers is continuously re- 

moved. 


U.S.P. 2,371,298. Treatment of Hydro- 
carbons. T. B. Hudson and J. O. Tur 
ner to Phillips Petroleum Company. 
Hydrocarbon distillates are separated 

into a plurality of fractions with differ- 

ent boiling ranges and sulfur contents. 

A low-boiling fraction is contacted with 

bauxite at 600-800° F. to desulfurize it 

without change in octane number. 

high-boiling fraction is also contacted 
with bauxite, but at 900-1050° F. to re- 
duce its sulfur content and to improve 
its octane number, The fractions are 

then blended and stabilized to obtain im- 

proved motor fuel. 

The low-boiling fraction to be treated 
should have an end point of about 30 
F., the high-boiling an end point of 
about 450° F. 


U.S.P. 2,372,084. Process of Desulfuriz- 
ing Motor Fuels and Improving Oc 
tane-Rating. M. C. K. Jones to Stand: 
ard Oil Development Company. . 
A sour hydrocarbon oil is desulfurized 

and its octane rating is improved by 

contacting it in vapor phase at elevated 
temperature with a catalyst which com 

tains a major proportion of Cu,O and 4 

minor proportion of an oxide of a met 

of the VI group of the periodic sy 

tem, such as CmOs, on a carrier, such a 

clay with magnesite. A temperature . 

900-950° F. may be employed at norma 

pressure. 

U.S.P. 2,373,004. Method of Removité 
Weakly Acidic Bodies from Hydr 

‘carbon Oils. G. W. Ayers, Jr., and L. 
M. Henderson to The Pure Oil Com 
pany. 
Mercaptans are removed from hydro 
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ONE OF THESE WIGGINS ROOFS WILL REDUCE 


The DRY SEAL GASHOLDER 









No 


YOUR EVAPORATION PROBLEMS... 
INCREASE YOUR PROFITS! 


(all features patented) 


Perfect Low Pressure Vapor Balancing For Any Gas, Any 
Quantity, Any Climate 


Easy Access For Thorough Inspection 


Ten Years Field Performance Endorse The Design 





Can Be Attached To Group Of Existing Tanks Without 
Shutting Down Their Operation 





£ 
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>The DRY SEAL LIFTER ROOF 


(all features patented) 
® Individual or Multiple Tank Vapor Balancing 
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@ Low Pressure Operation 
@ Sensitive Balancing 


@ Lowest Maintenance 





LEADING THE FIELD IN THE DESIGN OF CONSERVATION STRUCTURES FOR THE OIL INDUSTRY 


Write or Phone Our Nearest Office 


General American Transportation Corporation 
135 SOUTH LA SALLE STREET, CHICAGO 


With Branch Offices in: New York, Washington, Cleveland, Buffalo, Pittsburgh, St. Lovis, New or 
Tulsa, Dallas, Houston, Seattle, Los Angeles. 


SUB-LICENSEES 
SOUTHERN STATES WESTERN STATES , CANADA 
Wyatt Metal & Boiler Works Consolidated Steel Corp. | Western Pipe & Steel Company of California Toronto Iron Works, Lid,’ 
Houston - Dalles Les Angeles - San Francisco Toronto 


vember, 1946—A Gulf Publishing Company Publication , ; 239 








Cut 
Tank-Car 


Cleaning 
Time! 





EFORE the Oakite Unit Model 

No. 324 was developed, interior 
tank car cleaning was a long- 
winded, laborious job. Today, with 
this revolutionary Oakite method, 
you can remove oils, etc., in half the 
time required by tedious manual 
methods. Eliminate steaming-out 


operation. 


Here's How It Works! 
The Oakite cleaning unit is bolted 
to the car dome. The nozzles reach 
midway between top and bottom of 
car surfaces. In action, the unit de- 
livers a hot Oakite solution under 
potent pressure. The opposing noz- 
zles revolve on horizontal and ver- 
tical axes . . . give off knife-life 
sprays that reach every inch of 
fouled interior surfaces. Quickly 
breaks the bond between contami- 
nants and surfaces. Rinsing is ac- 
complished with the same equip- 
ment. It’s effective tank-car cleaning 
at its fastest! 


In-Yard Help FREE! 


Check with your nearby Oakite 
Technical Service Representative for 
how-to-use details of this time and 
money-saving cleaning unit. Or 
send, on letterhead, today for com- 
plete story. No obligation, either 
way. 


OCAKITE PRODUCTS, INC. 
SOB Thames Street, New York 6, N.Y. 
Techntcal Service Leeated in All 


Principe! Cities of the United States ond Canoda 











carbon oil by contacting with an aqueous 
solution, which contains at least 5 per- 
cent of caustic alkali, at least 10 per- 
cent of alkali metal naphthenates, suffi- 
cient solventizer to keep the mercaptans 
in solution, and a sufficient amount of 
amines compatible with the solution, to 
enhance the ability of the solution to re- 
move mercaptans from the oil. The com- 
bined amount of naphthenates and am- 
ines shall be in excess of the maximum 
amount of alkali metal naphthenates 
which are compatible with the solution. 
Hydroxyethylethlenediamine, diethylene- 
triamine or diethanolamine may for in- 
stance be used as the amine in a quan- 
tity of 5-30 per cent. 


U.S.P. 2,373,645. Hydrocarbon Sweeten- 
ing. E. H. Bender to Phillips Petrole- 
um Company. 

Sour hydrocarbon oil to be sweetened 
is recycled to the top of the vertical zone 
of relatively large cross-section in which 
the material solwly passes downward. 
Aqueous copper solution is introduced to 
the bottom of the zone and the resulting 
mixture is rapidly and vigorously agi- 


tated. A portion of the treated mixture 


is recycled to the top of the vertical zone 
to be admixed with the incoming oil in 
order to prolongate the period of contact 
of the oil with copper solution. The ver- 
tical treating zone may be filled with 
Raschig’ rings or Berl saddles, or the 
like. A copper sulfate-sodium chloride 
solution is used for the treatment. 


U.S.P: 2,376,078. Treatment of Light Hy- 
drocarbons. G. G. Oberfell and J. P. 
Jones to Phillips Petroleum Company. 
A natural sulfur-bearing saturated hy- 

drocarbon mixture containing propane 

and heavier hydrocarbons is washed 
with an alkali to remove low-boiling 

mercaptans, and then subjected to a 

sweetening treatment to convert remain- 

ing mercaptans to disulfides which boil 
higher than hexanes. The sweetened 
mixture is fractionated to obtain sepa- 
rate fractions of the individual paraffins 
from propane to normal hexane. The re- 
sidual heptanes—and heavier fraction is 
catalytically desulfurized to convert re- 
maining organic sulfur compounds into 
hydrogen sulfide. The thus desulfurized 
material is fractionated into separate 
fractions of the individual paraffins from 
isoheptane to normal octane. All the 
fraction obtained are then converted 
either by dehydrogenation, by isomeri- 


| zation, or by alkylation processes, and 


the products obtained are blended. 
U.S.P. 2,378,064. Catalytic Desulfuriza- 


|, tion Process. M. W. Conn to Phillips 


Petroleum Company. 
Hydrocarbon oil is desulfurized by 
heating the vaporized oil to 650-800° F. 


and contacting these vapors with a solid . 


desulfurization catalyst to convert the 
organic sulfur compounds to hydrogen 


| sulfide. The hot effluent vapor is then 
| scrubbed by suddenly, rapidly and thor- 


oughly contacting it with a relatively 
cold liquid such as water or a lower ali- 
phatic alcohol, adapted to dissolve the 


| hydrogen sulfide and simultaneously 





cool the vapor before the hydrogen sul- 
fide re-reacts with the hydrocarbon in 
the effluent. 


U.S.P. 2,378,092. Method of Copper 
Sweetening. H. E. Messmore and J. 
M. Mason to Phillips Petroleum Co. 
Sour hydrocarbons which are difficult 

to sweeten are treated with an aqueous 

copper solution in two steps. In the first 
stage a partially spent copper solution 
from the second stage is employed, while 


fresh or regenerated copper solution is 
used for the second step. Cupric chlo- 
ride is utilized as the sweetening agent 
in accordance with U.S.P. 1,964,219 and 
2,089,373. 


U.S.P. 2,378,382. Process for Reducing 
Sulfur Content of Gasoline. V. Abeles, 
A crude petroleum, containing light 

hydrocarbons, such as naphtha or gaso- 

line, and organic sulfur compounds boil- 
ing in the same range as the lighter hy- 
drocarbons is continuously rectified into 

a distillate and a higher-boiling frac- 

tion. The distillate is then treated in 

liquid phase with a sweetening agent. 

An amount of treated distillate corre- 

sponding to the distillate contained in 

the charge stock contemporaneously 
coming into the rectifying zone is con- 
tinuously abstracted from the process, 
while at least a part of the remainder of 
this distillate in an amount equal to the 
abstracted one is recycled to the rectify- 
ing zone. Cupric chloride containing free 
oxygen is the preferred sweetening 
agent, the oxygen serving for immedi- 
ate regeneration of the copper chloride. 


U.S.P. 2,381,859. Method of Removing 
Mercaptans from Hydrocarbon Oil. G. 
W. Ayers and L. M. Henderson to 

The Pure Oil Company. 

Mercaptans are removed from hydro- 
carbon oil by contacting it with an aque- 
ous solution which contains not less than 
10 per cent of free alkali metal hydrox- 
ide, sufficient quantities of alkali metal 
naphthenates to enhance the ability of 
the said hydroxide solution to extract 
mercaptans, sufficient solvatizer, such as 
phenos, to keep the naphthenates in so- 
lution and not less than 14 per cent of 
“methyl cellosolve”, i.e., glycol mono- 
methylether. 








SEE PAGE 32 
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... MANUFACTURERS’: LITERATURE... 





FOR FREE COPIES OF MANUFACTURERS’ 


LITERATURE OR MORE INFORMATION ON 


PRODUCTS DESCRIBED ON THESE PAGES, USE THE MAILING CARD INSERTED IN THIS ISSUE 





1—Offset Joints 


MagniLastic, a Division of Cook Elec- 
tric Company, 2700 Southport, Chicago 
14, has announced a standard line of ex- 
pansion-type offset joints for joining 
pipe terminals that are out of line—or 
offset. 

The offset joint is constructed with an 
equal number of expansion flanges on 
either end of an insert section. Length 
of unit and number of flanges are deter- 
mined by misalignment conditions to be 
corrected. Joints are supplied with bel- 
lows flanges from any of the Magni- 
Lastic standard expansion-joint series 
which includes pressures from vacuum 
to 1000 psi, pipe sizes from % to 24 
inches, and temperatures from minus 
300 to 1600° F, Joints of stainless steel, 
monel, inconel and copper cover all 
common corrosive conditions. End fit- 
tings are available in welding end or 
Van Stone bolted flanges. 

in addition to joining offset pipe ter- 
minals, these joints may be used to pro- 
tect valves, headers and fittings from 
undue strain and tension. 


A catalog containing complete infor- 
mation on the offset joint, other expan- 
sion joints, and special units is available. 


2——Liquid Level Gauge 

Jerguson Gage & Valvé Company, 
Somerville 45, Massachusetts, has placed 
on the market.a liquid-level gauge with 
an auxiliary tube 
through which a 
heating or cooling 
gas or liquid can be 
circulated for the 
purpose of raising or 
lowering the tem- 
perature of the liquid 
in the gauge itself. 
The unit is available 
in both reflex and 
transparent types, 
the one illustrated 
being the reflex type. 
The auxiliary tube 
passes concentrically 
through the liquid 
chamber of the gauge, 
thus affording inti- 
mate contact with the 
liquid being heated or 
cooled. The valves 
used in this assembly 
(No. 93) are jacketed 
so that the liquid when 
passing through them 
also can be heated or 
cooled, 

Gauges and valves 
of this type find fre- , 
quent application in 
process plants where Jerguson Liquid-Level 
the liquid in the gauge Gauge with auxiliary 
might be too sluggish tube for heating or 
tor proper reading or cooling. 














MagniLastic Offset Joint 


where, because of low boiling point, it 
would tend to boil and thus cause in- 
correct readings. Such a gauge is useful, 
too, in cold climates where the liquid in 
a standard gauge might freeze. 

Jerguson heated or cooled gauges 
come in a full range of sizes, similar to 
standard gauges being designed for pres- 
sures up to 3200 pounds (reflex) and 
2000 pounds (transparent) at 100° F. or 
for 1200 pounds (reflex) and 600 pounds 
(transparent) at 1000° F. The auxiliary 
tube can be supplied in corrosion-resist- 
ing metal. 


3—Journal Jacks 


The Buda Company, 15436 Commer- 
cial Avenue, Harvey, Illinois, has an- 
nounced the addition of 
50-ton hydraulic journal 
jacks to its line. These 
jacks have a fast speed for 
quickly raising light or 
medium-heavy loads, and 
normal or standard speed 
for raising capacity loads. 
Operation in raising loads 
is by easy pumping action. 
Lowering of loads is regu- 
lated by a simple control 
valve, putting the loads 
under complete control of 
the operator. Loads may 
be held indefinitely at any 
height. Models 50-B-2 and 
ee 50-B-26 hydraulic jacks are 
Buda of 50-ton capacity designed 

Jack especially for general high- 

lifting jobs. Model 50-B-2 

has a closed height of 12 inches, a raised 

height of 19 inches, and weighs 120 

pounds. The heavier model has a closed 

height of 26 inches and lift of 20 inches. 
It weighs 200 pounds. 
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4—Pressure Blowers 


The Moore Company, 544 Westport 
Road, Kansas City 2, Missouri, has an- 
nounced a new series of high-efficiency, 
direct-drive, corrosion-resistant, axial- 
flow pressure blowers. These blowers 
are of two basic groups, Series 16 and 
24, respectively 16- and 24-inch hubs. 

Fabricated monel metal construction 
incorporates spherical hub and ring con- 
struction. This spherical construction, 
it was explained, allows each b!ower to 
be “tailor made” to provide maximum 
efficiency for each set of performance 
requirements. Top efficiencies are avail- 
able at each of a number of volume and 
pressure combinations through selection 
of number of blades, blade pitch setting, 
guide-vane setting, and motor horse- 
power and speed. 

A weatherproof, non-overloading di- 
rect-drive motor is manufactured espe- 
cially for these units. These motors are 
furnished in speeds from 300 to 1800 
rpm, 1 to 60 horsepower. 





Moore Pressure Blower 


Production of Series 16 is underway, 
and Series 24 will be available around 
January 1. The Series 16 unit is avail- 
able in 36- to 60-inch diameters, deliver- 
ing up to 40,000 cubic feet per minute 
at static pressures up to 4 inches of 
water. Series 24 will be available in 4- 
to 8-foot diameters, to deliver up to 
100,000 cubic feet per minute at static 
pressures up to 4 inches of water. Tan- 
dem installations may be furnished for 
higher pressures. Either unit will be 
available in stainless steel or aluminum 
for applications where monel might not 
be satisfactory. 


5—Diaphragm Motor For 
Control Valves 


Fisher Governor Company, Marshall- 
town, Iowa, has announced a new re- 
verse-acting diaphragm motor for con- 
trol valves, Type 

On this new top work, the sealing 
diaphragm construction enables reverse 
acting without use of a stuffing box. 
Other features include large diaphragm 
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DRAFTSMEN 


DESIGNERS AND CHECKERS 
with experience oa 
Structural Steel and Concrete 
Process Piping 
Pressure Vessels 


The Boston office of E. B. 
Badger and Sons Co., inter- 
nationally famous chemical 






























engineering organization, of- 
fers qualified men well-paying 
positions. This is a fine oppor- 


tunity for men who would en- 
joy working in congenial sur- 
roundings and with pleasant 
cooperative associates. A per- 
sonal interview can be ar- 
ranged in your city. This is not 
a temporary position. Write, 
giving full details of back- 
ground and experience, salary 
wanted, etc., to 


Me. Williom M. Rose, Personne! Director 
E. B. Badger and Sons Co. 
75 Pitts Street, Boston, Mass. 












SEE PAGE 32. 
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Fisher Reverse-Acting Diaphragm Motor for 
Centrol Valves, Type 567 


area; long stroke action; enclosed spring, 
separate from pressure chamber; linear 
travel relationship to air pressure 
change; interchangeable with Fisher’s 
direct acting Type T Top. 

Intended application of this dia- 
phragm motor is for pneumatic operated 
control valves where push down to colse 
inner valve construction is desirable, 
yet operation requires valve air opened, 
spring closed—closes on operating me- 
dium failure. 

For field and general service, this top 
work allows the integral top mounting 
of Fisher’s Wizard Pressure Pilot or 
Time Cycle Intermitter directly on the 
valve. Pilot diaphragm assembly of in- 
tegrally mounted unit is interchange- 
able with the upper diaphragm casing 
of this new top work. 


6—Oil Filter 


C. M. Fuller Company, 2043 Santa Fe 
Avenue, Los Angeles 21, California, has 
announced an oil filter which features 
micro-filtration of oil by triple trapping. 
It is claimed to cleanse contaminated 
oil without altering or reducing addi- 
tives. Called “Engine-Life,” the filter is 
made in cartridge sizes to fit all cases. 

Long-threaded, lint-free textiles com- 
pose the filtering media, scientifically 
compacted to uniform density. The lami- 
nated construction and outside-to-inside 
flow results in multi-element filtering 
effectiveness of maximum area for any 
given size case. A strong, flexible cir- 
cular seal is built-in as an integral part 
of the element. The cylindrical perforated 
core is made of extra-heavy, non-cor- 
roding alloy steel. 


7—Nickel-Base Alloys 


The Duriron Company, Dayton, Ohio, 
has announced development of two new 
corrosion-resistant metals, Chlorimet 
No. 2 and Chlorimet No. 3 (patent pend- 
ing). The new alloys have superior 
mechanical properties which will give 
them a wide range of usefulness, it 
was said. 

Chlorimet No. 2 consists primarily of 
nickel and molybdenum. These two ele- 
ments combine to give an alloy with 
excellent mechanical properties and re- 
sistance to the corrosive action of a 
great many acids particularly hydro- 
chloric in all concentrations and tem- 
peratures, including boiling. It also is 
proposed for service in sulfuric acids of 
35 to 60 percent concentration at tem- 
peratures up to and including boiling. 
It is also recommended for sulfuric acid 
between 60 and 100 percent, at tem- 
peratures not to exceed 176° F. Excel- 
lent for hot sulfuric acid under reducing 
conditions, this alloy also handles wet 
hydrogen chloride gas. 

Chlorimet No. 3 consists primarily of 
nickel, chromium, and molybdenum. Its 
similarity to Chlorimet No. 2 is that 50 
percent of the molybdenum content has 
been replaced by chromium. The com- 
bination of these elements gives the 
alloy excellent mechanical properties and 
unusual resistance to most acids, par- 
ticularly under oxidizing conditions. It 
safely handles hot sulfuric acid solutions 
in concentrations less than 35 percent 
and at temperatures up to 176° F. It 
also withstands ammonium chloride, 
sodium chloride, zinc chloride, nickel 
chloride; also hypochlorite bleaches (at 
room temperatures not over 105° F.). 

Chlorimet No. 2 and Chlorimet No. 3 
are available in the form of engineered 
equipment such as pumps and valves. 
Complete information can be obtained 
by writing. 








































Fuller “Engine-Life” Filter 
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8—Arc Welder 


General Electric Company, Schenec- 
tady, New York, has made available a 
new twin-unit outdoor a-c arc welder in 
a single enclosure. Each of the two cir- 
cuits in the welder can be used simul- 
taneously and independently with elec- 
trodes up to 3/16-inch diameter, or 
combined into one circuit for heavy 
welding with %-inch electrodes. The 
units have a current range of from 90 
to 270 amperes, when used singly and 
from 180 to 540 amperes when operated 
in parallel. 


G-E Twin-Unit Outdoor Arc Welder 


Both welders are equipped with con- 
trol which reduces the open circuit volt- 
age to approximately 30 volts when the 
machine is not welding, but which makes 
full power available the instant the arc 
is struck. Both halves are supplied 
through a single set of primary ter- 
minals, so that only one power-line cir- 
cuit to the unit is required. 

Protection against the elements is 
provided by drip-proof construction of 
all openings in the top of the enclosure 
and by a sealed window over the current 
indicators. Ventilating openings at top 
and bottom are of such proportions that 
they shed water and keep the ventilat- 
ing air velocity low. 


%—Welding Goggle 


American Optical Company, South- 
bridge, Massachusetts, has announced a 
new head-rest welding goggle which can 
instantly be thrown into “off-guard” 
position for rapid inspection of setups. 

Development to eliminate waste mo- 
tion and speed up welding operations, 
the goggle is attached by a friction joint 
to a comfortable head gear assembly. 
Using only one hand, the wearer can 
flip the goggle above his eye, where it 














American Optical Company's New 
Welding Goggle 























eee THE SIMPLEST OF ALL 
PRESSURE GAGE SNUBBERS 


for use where pulsations of gage pointer 
make accurate reading difficult or impossi- 
ble. Damping action assured by porous 
cartridge of compressed, powdered bronze, 
threaded into gage socket or into snubber 
body. No adjustments ever needed. Specific 
porosity of cartridge makes it effective for 
required service — air, gas, water, steam 
or oil. Available for all pressures up to 
10,000 pounds. May be supplied with 
Helicoid Gages or bought separately for use 
with other gages. 





es 


HELICOID—_ 


A DIFFERENT KIND OF PRESSURE GAGE 


The unique design of the Helicoid movement — 
with cam and helical roller instead of 

gears — obsoletes conventional type pressure 
gages. A Helicoid Gage will maintain its 
guaranteed accuracy longer — a fact proved 
in thousands of installations. For complete 
information, write for our Catalog DH-818. 


~ 


HELICOID GAGE DIVISION 


AMERICAN CHAIN & CABLE 
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to reduce fogging. 







in certain shades. 







































is held securely by the friction joint, so 
that he has unimpeded vision. 
Adjustable for individual features, the 
goggle is equipped with opaque eyecups 
designed for wearing directly over eyes 
or over personal glasses. 
indirect, ventilated side shields which 
keep out stray light rays, sparks and 
metal splashes, yet provide ventilation 


11—High-Pressure 
Condensate-Return System 


Cochrane Corporation, 17th Street and 
Allegheny Avenue, Philadelphia 32, has 
(Condensate - Booster) _ high - pressure 
condensate-return pump has been rede- 
signed for greater operating freedom. A 
larger pump, driven by a 25-horsepower 
motor, has been added to handle capaci- 
ties greater than possible with the 3, 5, 
15-horsepower units. The 
outboard pump-shaft bearing has been 
eliminated in favor of closer coupling. 
A .better-adapted flexible coupling be- 
tween pump and motor is being em- 
ployed. A silent jet permits more con- 
venient installation since pump noise no 
longer is a factor. 


The goggle is available with eithe: 
Noviweld or Noviweld-Didymium lenses 


10—Chemical Pumps 


Milton Roy Company, 1300 Mermaid 
Avenue, Philadelphia 18, Pennsylvania, 
has issued Bulletin No. 468 on Con- 
trolled-Volume Chemical 
Automatic Chemical-Feed Systems. 
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pump draws water from the thermo- 
fin priming loop and discharges it as 
high velocity jet through the jet pump 
nozzle. This jet strikes the returned hot 
condensate flow through the Venturi- 
shaped mixing tube and into the thermo- 
fin priming loop. The additional volume 
of condensate introduced into the con- 
stantly-filled loop results in the dis- 
charge of an equal volume through the 
air separator to the boiler. 

The hot condensate and entrained 
air are drawn rapidly and positively 
from the processing equipment by the 
jet pump. Air is eliminated from the 
circuit in passing through the air sepa- 
rator and the condensate is returned to 
the boiler at maximum temperature and 
pressure. Thus the circuit from boiler, 
through equipment, and back to boiler 
is completed in a closed system without 
substantial drop in temperature. Per- 
formance of the unit is verified by the 
pressure gauge on the inlet together 
with the pressure gauge and thermom- 
eter on the outlet. 

A revised edition of the company’s 
Publication 3250, an illustrated brochure, 
gives engineering details and pertinent 
data on installation and performance. 


12——Diaphragm Valves 


Kieley & Mueller, Inc., 2005 43rd 
Street, North Bergen, New Jersey, has 
announced a new line of “Kontrol Mo- 
tor” diaphragm valves for pressure regu- 
lators, pump governors, and diaphragm 
motor-control valves. 

These valves feature all-steel dia- 
phragm motor construction of great 
strength and light weight. The dia- 
phragm casings are boltless, assembled 
with quick-acting clamp rings. Dia- 
phragms are molded reinforced neo- 
prene. Unusually large effective dia- 
phragm areas combined with heavy, 
fully-enclosed, heat-treated springs, pro- 
viding maximum power. 

Valve-position indicators are furnished 
as standard. Valve bodies are of un- 
usually high capacity, with unrestricted 
flow areas. Available in bronze, semi- 
steel, cast steel and special alloys. A 
wide variety of trim material may be 
supplied and quick opening, percentage 
V-port, and parabolic discs may be used 
Discs are top and bottom guided and 
guide surfaces are ground and _ super- 
finished to provide ‘minimum friction 
and maximum life. 


13——Oxygen Indicator 


Mine Safety Appliances Company, 
Braddock, Thomas and Meade streets, 
Pittsburgh 8, has announced the M. S$ 
A. Oxygen Indicator Type C, for meas- 
uring the oxygen content of gaseous 
mixtures, 

The important element of this instru- 
ment is an electrolytic detector cell 
made up of a plastic container with 4 
hollow carbon tube and metallic plate 
serving as electrodes in approximately 
an ounce of liquid electrolyte. Polariza- 
tion in the cell causes hydrogen to 0 
deposited on the carbon pole. When 2 
gas sample containing oxygen is passed 
through. the -hollow carbon electrodt 
diffusion through the porous carbo? 
causes the oxygen to combine with the 
“electrolytic hydrogen,” reducing the” 
ternal resistance of the cell and causing 
its current and voltage output to. 
increased. A direct-reading meter having 
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Accurate alignment during assem- 
bly facilitates removal of tube 
bundles from shells. 


WDENSER? 


@ Because of the outstanding performance at maxi- 
mum loads of 54 Lummus Process Condensers hav- 
ing a total surface of 178,740 sq. ft. — operating for 
the past two years in two of the world’s largest 
Butadiene plants — a major refiner recently ordered 
12 identical units for installation in a new plant. 
These installations were originally designed to meet 
a very special condensate temperature condition 
and only the long, varied experience and knowledge 
of performance gained in operation of other units 
justified their adoption in these vital war plants 


LUM 


of D4 units 


® 





Four of twelve completed units, ready for shipment, Honesdale, 
Pa., plant of The Lummus Company. 


without extensive experimentation. 


Simplicity of design is the key note of the plus 
performance and trouble free operation of this and 
all other Heat Exchangers designed and fabricated 
by Lummus Co. 


Lummus engineering service includes the study of 
specific Heat Exchanger problems and equipment 
designed to meet your individual conditions. 


For complete information write to: The Lummus 


_ Company, 420 Lexington Ave., New York 17, N. Y. 
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“GUNITE” 


CONCRETE LININGS 


FOR: 


BUBBLE TOWERS © STILLS @ HOT OIL 
SEPARATORS @ STORAGE TANKS @ RE- 
FINERY VESSELS OF ALL TYPES @ EN- 
CASING AND FIREPROOFING STRUCTUR- 
Al. STEEL AND PIPE @ LINING WATER 
STORAGE RESERVOIRS, DITCHES AND 
CANALS @ REPAIRING DISINTEGRATED 
CONCRETE AND MASONRY. 



















WRITE — PHONE — WIRE 


GUNITE CONCRETE and 
CONSTRUCTION CO. 


CEMENT GUN SPECIALISTS 
ENGINEERS CONTRACTORS 


1301 Woodswether Road 
KANSAS CITY 6, MISSOURI 
District Branch Office: 
228 NORTH LA SALLE STREET, CHICAGO 1, ILL. 


Branch Offices: 


$T. LOUIS, DENVER, DALLAS, HOUSTON, 
NEW ORLEANS 
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a linear scale indicates the percentage of 
oxygen in the sample. 

The indicator is available for the fol- 
lowing standard full scale ranges: 0 to 
0.5 percent, 0 to 5 percent, 0 to 10 per- 
cent, and 0 to 25 percent oxygen. An 
adjustable high-point contacting device 
can be used for automatic activation of 
warning signals or control circuits when 
oxygen concentration exceeds a prede- 
termined limit. 

The indicator requires a sample flow 
of only 25 to 75 cc. per minute. Under 
constant pressure of less than 12 inches 
of water, an external motor-driven pump 
is utilized to push the sample through 
the instrument. At higher constant pres- 
sures the gas readily flows unassisted. 
Both calibrated and zero-adjusting cif- 
cuits, independent of each other, are 
provided. Provision is made for attach- 
ment of an electronic recorder or gal- 
vanometer potentiometer recorder to 
produce a permanent and graphic record 
of oxygen concentrations. 

The instrument. is contained in a 
metal case suitable for panel mounting. 
Bulletin DW-3 gives full details. 


14—Electronic Tachometer 


General Electric Company, Schenec- 
tady, New York, has announced a new 
electronic tachometer designed for meas- 
uring rotating speeds from 300 to 50,000 
revolutions per minute. Weighing only 
19 pounds, it is designed for production 
testing of equipment without the neces- 
sity of permanent attachments. It can 
be used to indicate the speeds of electric 
motors, machine tools, automotive and 
aircraft engines, pumps, fans, blowers 
and other types of rotating equipment. 

The electronic tachometer consists of 
a small pick-up head, six feet of flexible 
cable, and a measuring unit with a 
panel-mounted indicating instrument 
reading directly in rpm. Either a low- 
speed or high-speed head can be used 
with the instrument. The low-speed head 
provides five speed ranges, 0-1000, 
0-2000, 0-5000, 0-10,000, and 0-20,000 
rpm, while the high-speed head proxides 
three speed ranges, 0-10,000, 0-20,000, 
and 0-50,000 rpm. 

Each pick-up head consists of a light- 
interrupting disk and a phototube. Light 
shining upon the phototube through 
the openings in the rotating disk pro- 
duces input signals which are then 
transferred to the measuring unit, which 
indicates the rpm of the equipment 
being tested. The shaft to which the 
disk is attached rotates on ball bearings 
and requires very little torque, and 
therefore the speed of the equipment 
being measured is not reduced by use 
of the tachometer. 


15—Rotary Positive Blowers 


Roots-Connersville Blower Corpora- 
tion, Connersville, Indiana, has issued 
Bulletin 22; 23-B-12, 24 pages, on rotary 
positive blowers. The blowers described 
are built in sizes from 5 to 50,000 cubic 
feet per minute, at pressures up to 30 
pounds, and-for vacuum up to 28 inches 
Hg. In addition to installation illustra- 
tions, this bulletin’ presents character- 
istic curves, cross sections, and exploded 
views to show operating and construc- 
tion features. Relief valves and other 
accessories are illustrated and described, 
and there is a page of detailed specifi- 
cations, as well as a table of standard 
sizes covering gear diameters from 8 to 
22 inches. 


16—Control Valves 


Mason-Neilan Regulator Company, 
1182 Adams Street, Boston 24, Massa- 
chusetts, has issued’a new catalog No. 
301, sections of which cover valve flow 
characteristics, selection and types of 
control valves, construction, materials 
and specifications of “Masoneilan” con- 
trol valves. Interesting comparison and 
discussion of valve flow coefficients and 
curves demonstrate the theory of con- 
trol valve operation. These data form a 
basis for engineered selection of control 
valves to fit specialized applications, 
Mechanical design and operation of the 
valves are described with illustrations. 
Dimensions, weights, materials of con- 
struction and other specifications are 
included. 


17—Boiler 


Henry Vogt Machine Company, 1000 
West Ormsby Street, Louisville 10, Ken- 
tucky, has issued a new bulletin cover- 
ing the Vogt Class VL Water Tube 
Boiler. Details include drawings, pho- 
tographs and descriptions of typical in- 
stallations. 


18—Catalyst 


American Cyanamid Company, Petro- 
leum Chemicals Department, 30 Rocke- 
feller Plaza, New York 20, has issued a 
bulletin on its Aerocat Grade MS-A 
(Microspheroidal) Synthetic Fluid Crack- 
ing Catalyst. Data presented is of inter- 
est to handlers of catalysts and to 
chemists. 


19——Refractor Surfacing Mortar 


Quigley Company, 527 Fifth Avenue, 
New York 17, has a late Bulletin No. 
315E, on “Q-Chromastic Plastic Super- 
Refractory Surfacing Mortar.”  Illus- 
trated description gives data on appli- 
cation and service of a tough, neutral 
refractory facing for furnace interiors. 


20——General Catalog 


The Fluor Corporation, 2500 South 
Atlantic Boulevard, Los Angeles 22, has 
issued its general catalog, No. 46, which 
contains information on the company’s 
manufactured products, plus a descrip- 
tion of the engineering and construction 
services it offers. 


21—Blowers and Exhausters 


Roots-Connersville Blower Corpora- 
tion, Connersville, Indiana, has issued 4 
new 8-page Bulletin 120-B-13, covering 


, centrifugal blowers and exhausters. I 


stresses the wide range of applications 
where these blowers have been or may 
be used, including oil refineries and 
chemical plants, large-capacity vacuum 
service, and many others. 


22——Remote Indicating, Control 


Allis-Chalmers Manufacturing Com- 
pany, Milwaukee 1, Wisconsin, is dis 
tributing Bulletin 14B6641, a 12-page 
engineering bulletin on its remote indi- 
cating and control systems. How the 
systems are constructed, how they work, 
and specifications are graphically pre 
sented with photos, diagrams and charts. 
Applications include remote control 0 
valves, governors, switching devices, f 
mote.indicating and remote signaling. 


23—Safety 


American Optical Company, South 
bridge, Massachusetts, is offering copi¢s 
of a body safety guide which classifies 
hazards by industries and recommen¢s 
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Plate-Type 


HEAT EXCHANGER 


For pickling, etching, plating, and cleaning processes, 
the “Karbate” Plate-Type Heat Exchanger is ideal. It alone 
combines the most desirable properties required of a tank- 
type heater—compactness, shock resistance, high heat transfer, 
and corrosion resistance. 

In form, it is a compact plate with interior tubular channels. 
It exténds only a few inches from the tank wall. Individual 
units may be joined in multiple to provide the desired capacity. 

Made of “Karbate” impervious graphite, it is resistant to 
mechanical and thermal shock and has an unmatched heat- 
transfer rate. Moreover, it is unaffected by hydrochloric, dilute 
sulphuric, mixtures of nitric and hydrofluoric acids, or other 
corrosive solutions. 

For your copy of detailed folder, ask for Catalog Section 
M-8804. Write Dept. PR. 


Photos show compact- 
mess and flexibility of 
installation of the plate 
beater. Cut-away shows 
bow ‘tubular channels 
bass beating or cooling 
liquid within corrugated 
block. Unit is light in 
weight, easily installed, 


Unit of Union Carbide and Carbon Corporation 30 East 42nd Street, New York 17, N. Y. 
The words “National” and “Karbate” are registered Division Sales Offices: Atlanta, Chicago, Dallas, 
trade-marks of National Carbon Company, Inc, Kansas City, New York, Pittsburgh, San Francisco 
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Petroleum Reservoir 


Engineers for Service 
in South America 


In connection with increased 
development, our associated 
companies require experienced 
petroleum reservoir engineers 
for service in South America. 
Applications may be made in 
person or by letter to 


ASIATIC PETROLEUM CORPORATION 
Room 1022 
50 West 50th Street 
New York 20, New York 


or 


SHELL OIL COMPANY, Incorporated 
Shell Building 
Houston, Texas; San Francisco and Los 
Angeles, California; and 
Mayo Building, Tulsa, Oklahoma 

















WELD PIPE 
Faster...Easier... Truer 


JEWEL PIPE 
CLAMPS 


They align pipe perfectly and hold it secure 


for tacking. On in a minute—off in ten 
seconds. Two sizes, 4 to 8 in. — 8 to 16 in. 
Rigid construction resists strain, heat, and 
abuse. 

Other Jewel Clamps for Ells, long and short 
turn — for Fleages — for Headers. Also Pipe 
Marker, eliminates patterns for holes and 
saddles. 


So simple —so easy to use — Jewel Tools 
are proving big time-savers in refinery pip- 
ing Hebricetion and erection. 


Write Today for Details and Prices 


JEWEL Manufacturing Company 


1841 University Ave. 
ST. PAUL 4, MINNESOTA 








the proper safety clothing and equip- 
ment for maximum protection. The 
guide classifies 21 hazardous types of 
work found in the 18 industries listed, 
and includes pictures and descriptions 
of different types of safety clothing 
which should be worn for protection 
against each hazard. 


24—Vertical Centrifugal Pumps 


Peerless Pump Division, Food Ma- 
chinery Corporation; 301 West Avenue 
26, Los Angeles 31, has available a six- 
page bulletin which presents three types 
of vertical centrifugal pumps, capacities 
200 to 5000 gallons per minute, heads 
from 20 to 100 feet. Illustrations include 
comprehensive parts diagrams. These 
water pumps are described as suited to 
a wide variety of services, including 
water supply and cooling-tower service, 
and are adapted to all forms of power 
drive. 


25—Tachometer 


The Bristol Company, Waterbury 91, 
Connecticut, has announced a new bulle- 
tin, No. $1400, describing its line of 
tachometer recorders and indicators. In 
12 illustrated pages is included descrip- 
tion of the “Pyromaster” potentiometer- 
tvne tachometer, together with a descrip- 
tion of the Millivoltmeter-type indicat- 
ing, and strip-chart recording tachom- 
eter. Wiring diagrams, application data 
and accessory data are given. 


26—Pump Valves 


Durabla Manufacturing Company, 114 
Liberty Street, New York 6, has nub- 
lished Catalog No. 290, “Pump Valve 
Service.” Applications illustrated are 
primarily on pumps and diesel engines 
which use Durabla valve units as stand- 
ard equipment, but the details presented 
not only provide a summary of the de- 
sign characteristics of Durabla valves 
but also indicate their adaptability for 
use as replacement units on any type of 
reciprocating pump. 


27—Fluid Catalytic-Cracking 
Process 


The M. W. Kellogg Company, 225 
Broadway. New York 7, has available a 
brochure “Fluid Progress,” which dis- 
cusses the economic significance of the 
Fluid Catalytic-Cracking Process as im- 
proved since the war. It describes sim- 
plification of the unit. resulting in lower 
investment costs and higher operating 
efficiency, pointing out that the method 
now is economically applicable to vir- 
tually all sizes of installations. 


28-—Lubricated Type 
Mechanical Seal 


Durametallic Corporation, 2104 Fac- 
tory Street. Kalamazoo 24F, Michigan, 
is distributing Bulletin No. 413, illus- 
trating and describing an application of 
the company’s “Dura Seal” (rotary me- 
chanical seal). Of this application the 
company’s announcement says: 

“Proper sealing of fluids on pumps 
and processing equipment, under severe 
conditions involving high pressures and 
high volatile fluids, has been a bugbear 
of operating engineers. We have been 
observing field installations of the na- 
ture described in this bulletin for some 
time, and highly satisfactorv results 
brought us to announce this application 
of force-feéd lubrication of our single 
Dura Seals (heretofore Double Dura 
Seals have been in use but some objec- 
tion has been presented by users be- 












cause the auxiliary equipment and ap- 
plication has been more involved than 
in the single Dura Seal recommendation 
outlined above).” 


29—Steam Condensers 

C. H. Wheeler Manufacturing Com- 
pany, Lehigh and Sedgley Avenues, 
Philadelphia 32, has issued a new Cata- 
log No. 1461, on steam condensers. It 
includes helpful graphs and tables. 


30—Additives for Lubricating 
Oils 

American Cyanamid Company, Petro- 
leum Chemicals Department, 30 Rocke- 
feller Plaza, New York 20, has issued a 
booklet describing its new dithiophos- 
phates—offered under the trade name 
“Aerolube Dithiophosphate Additives 
for Lubricating Oils.” 


31—Soda Ash 

Solvay Sales Corporation, 40 Rector 
Street, New York 6, has available a new 
edition of “Solvay Technical and Engi- 
neering Service Bulletin No. 5—Soda 
Ash.” The 64-page publication includes 
chapters on the properties of soda ash, 
bulk shipments, storage, conveying and 
elevating, unloading of bulk, unloading 
of bags and barrels, weighing, propor- 
tioning and feeding devices, sampling 
and analysis, precautions, and conver- 
sion tables. It is of interest to operators 
and technical men. 


32—Proportioning Equipment 

%Proportioneers, Inc.%, 9 Codding 
Street, Providence 1, Rhode Island, has 
issued a new catalog, Bulletin No. 1200, 
a reference book dealing with automatic 
flow-responsive equipment and methods 
in continuous process operation. Photo- 
graphs of chemical-proportioning equip- 
ment and typical installations are sup- 
plemented by flow diagrams and detail 
drawings. 


33—Corrosion-Resisting Flanged 
Pipe and Fittings 

The Duriron Company, Dayton |, 
Ohio, has issued its Bulletin 704, con- 
taining engineering data on “Duriron” 
and “Durichlor” acid-resisting flanged 
pipe. It discusses application of high- 
silicon cast-iron pipe in handling corro- 
sive solutions, and how to install it, and 
jists available fittings and dimensions 


34—Welding Electrodes 

Hollup Corporation, 4700 West 19th 
Street, Chicago 50, has issued a new 
64-page catalog of electrodes and oxy- 
acetylene welding rods. Included are 
tables on weldability of metals, appear- 
ance inspection of welds, electrode cot- 
sumption estimating chart, and defini 
tions of welding terms. 


35—Insulation 

Industrial Mineral Wool- Institute, # 
Lexington Avenue, New York 17, has 
available for process engineers ané 
power men a 20-page manual titled 
“Control of Industrial Heat and Powe‘ 
Losses.” Featured is a heat-loss estimate 
sheet and tables for its use. 


36—Electronic Timer 

Photoswitch Incorporated, 77 Broae 
way, Cambridge 42, Massachusetts, ha 
issued Bulletin No. 500, descriptive “ 
the Photoswitch Electronic Timer, 4 
new item. It is an automatic timer {0 
intervals from 1/20th second to 4 mit 
utes. 
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in for 2 LONG STRETCH 





with CHASE ANTIMONIAL ADMIRALTY* 


Zinc’s days of vagrancy are over! monial Admiralty Tubes first went 
into service in 1935. Millions of 
pounds have been installed. And you 
could count the dezincification fail- 
ures on the fingers of one hand—and 
have some fingers left over! 





Little chance, now, for this foot- 
loose element to work its way out of 
Admiralty Heat Exchanger Tubes, 
leaving a useless mass of soft, spongy 
copper in its wake. 

That’s the sort of service you want 
from your heat exchanger tubes, isn’t 
it? You can get it. . . at an initial cost 
no greater than for plain Admiralty. 
Just be sure to specify Chase Anti- 
Proof? Plenty of it! Chase Anti-  monial Admiralty. 


Chase 


BRASS.& COPPERCQ Sikes cea eee 


INCORPORATED 


Little chance, if the tubes are Chase 
Antimonial Admiralty. The antimony 
in these tubes keeps the zinc locked in, 
year after year. 





*U. S. Pat. No. 2,061,931 
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This is the Chase Network —handiest way to buy brass 
WLBANY? ATLANTAT BALTIMORE BOSTON CHICAGO CINCINNATI CLEVELAND DETROIT HOUSTON INDIANAPOLIS JACKSONVILLE¢ KANSAS CITY,MO, LOS ANGELES MILWAUKEE 





WINNEAPOLIS QWEWARK NEW ORLEANS NEW YORK PHILADELPHIA PITTSBURGH PROVIDENCE ROCHESTERt SAN FRANCISCO SEATTIE ST. LOUIS WASHINGTONT (findicotes Seles Office Only) 
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...non-rusting 
bolts, nuts, screws, 
washers, rivets, nails 
made of brass, bronze, 
copper, Monel or stainless 
steel. Write forcircular. » 
THE H. M. HARPER 
COMPANY 2663 Fletcher 
Street, Chicago 18, Ill. 
Branch offices or 
representatives 
in principal 
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SEE PAGE 32 
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Wilde Joins Technical Staff 
Of Griffin Chemical Company 


Griffin Chemical Company, San Fran- 
cisco, has announced appointment of 
T. E. Wilde to its 
technical service and 
process development 
staff. 

Wilde is a graduate 
of Stanford Univer- 
sity with a degree in 
chemistry. For the 
past 15 years he has 
been employed in 
various capacities in 
the technical depart- 
ments of Union Oil 
Company of Cali- 
fornia, most recently 
as assistant to the 
manager of the com- 
pany’s chemical products division in Los 
Angeles. He also served in the manufac- 
turing department, and at one time was 
head of the control laboratory at Oleum 
refinery. 





T. E. Wilde 


Zimmerman Sales Manager 
Steel Improvement & Forge 


Arthur Zimmerman has been appointed 
sales manager of The Steel Improvement 
Forge Company, 
Cleveland, Ohio. He 
formerly was asso- 
ciated with The 
Weatherhead Com- 
pany in Cleveland as 
assistant chief engi- 
neer, and lately has 
been active in sales 
and engineering work 
in connection with 
gas-turbine acces- 
sories. He has worked 
along sales engineer- 
ing lines with aircraft 
gas-turbine manufac- 
turers. 
Zimmerman is a graduate of Massa- 
chusetts Institute of Technology with a 
degree in mechanical engineering. 





Arthur Zimmerman 


Fluor Corporation Promotes 
Dunn and Wiseman 
W. Earl Dunn, vice president of The 


Fluor Corporation, Ltd., who has been 
in charge of the Kansas City office 





| 





| since 1930, has been promoted to gen- 
| eral 


manager. He now will make his 
headquarters in the Los Angeles office. 
James P. Wiseman, former district 


W. Earl Dunn . J. P. Wiseman 


Suppliers 


EQUIPMENT—SERVICE 





engineer in the company’s Houston of- 
fice, has been promoted to general sales 
manager, and now is located in the Los 
Angeles office. 


Pacific Pumps Appoints 
Weis General Sales Manager 


Elmer J. Weis, vice president of 
Pacific Pumps, Inc., has been appointed 
general sales man- 
ager and elected to 
the board of directors 
of the company. 

-Weis has been with 
Pacific Pumps since 
its establishment by 
his brother, Arthur 
R. Weis (now presi- 
dent), and himself 
in 1923. He is known 
in the oil industry 
through his activity 
in supervising instal- 
lation of centrifugal 
pumps in America 
and abroad. 





Elmer J. Weis 


Sharr Superintendent of 
California Alkali Plant 


Appointment of Phillip E. Sharr as 
superintendent of Pittsburgh Plate Glass 
Company’s alkali producing plant at 
Bartlett, California, has been announced 
by the company’s Columbia Chemical 
Division. Sharr has served as chief en- 
gineer at the West Coast plant for the 
past year. 

The Bartlett plant, currently produc- 
ing soda ash and sodium sesquicarbon- 
ate, was acquired by the glass com- 
pany from the Pacific Alkali Company 
early in 1945. 

Sharr has been associated with the 
Columbia Chemical Division for the past 
nine years. He was in charge of the 
planning department at the Barberton, 
Ohio, plant at the time of his assign- 





If you need condenser or heat ex- 
changer repairs in a hurry call us. We 
specialize in fast, high quality work. 


25 Years Successful Experience 
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‘4 OU KNOW, boss, I really earned this hat. Just think 


what it would have cost if we hadn't gotten those 


new boilers covered on time.” 

Sure, but quit stalling. How did you do it? Where did 
you find the materials?” 

Well, it took a lot of careful planning...” 


“And how about the pipe coverers? How did you round 
them up so fast? From what I've heard, it’s almost as hard 


to find mechanics as it is materials.”’ 


“That's right, but T'll let you in on a secret. I did a lot 
of checking around and then contracted with Armstrong 
Cork for the whole job.”’ 


“You mean Armstrong came through with the materials 


and the workmen, too?” 


Sure did, and their mechanics are good. Next time you're 
out near the boiler room, stop in and see what real insula- 
tion work looks like.”’ 

“Okay, but answer me this. When 
you made the bet, how sure were you 
that the job would be done on time?” 

“Boss, it really wasn’t too much of 
* gamble. Armstrong has warehouses 
aad crews of workmen all over the 





Pve paid off . . . now teli me 
how you did it!” 


country. And I knew they line up enough materials and men 
to see a job through before they sign. Nice hat, isn’t it?” 


* * * 


Our contract service for heat insulation offers special 
benefits to you. In addition to quality materials and skilled 
mechanics, we also provide expert engineering service. 
When we take on a job for you, this triple service assumes 
all responsibility for seeing it through. 


Free! New Insulation Chart 

If you use insulation, you'll want a copy of a new chart 
recently developed by Armstrong. This check list shows 
which kind of insulation, and how much of it, can most. 
profitably be used to hold any given temperature from 300° 
below zero to 2800° F. For your free copy, write to 
Armstrong ‘ ork Company, Industrial Insulation 
Department, 7511 Maple Avenue, Lancaster, Pa. 


ARMSTRONG’S 
INDUSTRIAL INSULATION 


Complete Contract Service 


For All Temperatures 
To 2600 


Fahrenheit 
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ment to the Bartlett plant. He gradu- 
ated from Ohio State University with 
the degree of B. S. in chemical engineer- 
ing. As superintendent of the West 
Coast plant, he succeeds G. B. Dub 
who has resigned. 


Timken Tube Division Appoints 
Lilley to Post at Houston 


H. B. Lilley, Timken development 
engineer on alloy mechanical tubing, 
recently has been appointed district man- 
ager of the Steel and Tube Division of 
The Timken Roller Bearing Company, 
and will have headquarters at Houston. 
His territory will include Texas, Louisi- 
ana, Arkansas, Oklahoma and Kansas. 

Lilley has been with the company at 
Canton, Ohio, since February, 1925, fol- 
lowing graduation from Carnegie Insti- 
tute of Technology in 1924. Until 1944, 


when he joined the steel sales depart- 
ment, he was in the inspection engineer- 
ing department of the Steel and Tube 
Division, where he became assistant chief 
inspection engineer, developing methods 
and standards for the production and 
inspection of steel-tube mill products. 


He has served on the American Iron 
and Steel Institute technical committees, 
covering alloy-steel bars, carbon-steel 
bars, semi-finished products and tubular 
products; and has been chairman of an 
industry committee which developed and 
established technical standards for steel 
tubing for use in mechanical parts of 
aircraft. He has been particularly active 
in the development of seamless tubing 
suitable for forming into aircraft pro- 
peller blades. His chief duty since join- 
ing the steel sales department as been 
the development of new applications for 
seamless mechanical tubing. 
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STEEL VALVES 





and resistance to 


ids in suspension—acids 


soap solutions—sulphur 


from 1” to 
alloy—are available for immediate shipment 
from Factory Stock. 


WEDGEPLUG—today—manufactures a line 
of Wrench-Operated, Direct-Handwheel-Oper- 
ated, and Worm Gear-Operated Steel Valves 
of suitable material and construction to meet 
practically every condition imposed by pres- 


sure requirements, temperature requirements, 


The WEDGE- 


eorrosion. 


PLUG Valve is the only all-purpose Valve on 
the market that lifts, turns, and reseats in one 
operation. Tried and proved in the successful 


handling of air—-water—steam—gases—sol- 


alkalis— dyes- 


-asphalt—coal tar 


products—petroleum oil and all of its frac- 
tions, including the severe service conditions 


encountered in fluid catalyst cracking units. 


For Immediate Shipment 


Some sizes of Wedgeplug Valves—ranging 


14”, 


in both carbon steel and 


Inquiries are invited! . 


WEDGEPLUG VALVE CO., INC. 


Factory and General Sales Offices, 1300 South Broad Avenue 


NEW ORLEANS 15, LA. 


Sales Offices 
NEW YORK - CHICAGO - LOS ANGELES - PITTSBURGH - KANSAS CITY - HOUSTON 


OKLAHOMA CITY - 


WICHITA - TULSA - ODESSA - AMARILLO - CHARLOTTE 


Other Good Territories Now Open for Sales Representation 





Quaker Oats Company Takes 
Over Memphis Furfural Plant 


The Quaker Oats Company, effective 
November 1, has taken over and is op- 
erating the government-built furfural 
plant at Memphis, Tennessee, following 
purchase from the War Assets Adminis- 
tration. The plant will continue to sup- 
ply furfural requirements of the govern- 
ment rubber program, operating on sub- 
stantially the same scale as for the past 
year. This plant is the largest in the 
world for the manufacture of furfural 
and the first ever built as an independent 
unit. The Quaker Oats Company has 
operated the plant for the government 
since its construction early in the war 
emergency. The company has plans for 
expanding the Memphis plant, it was 
said, and meantime will continue to sup- 
ply private-industry requirements for 
furfural from its original plant at Cedar 
Rapids, Iowa. 


Ladish Drop Forge Company 
Opens Chicago Office 


W. O. Kupper has been appointed 
manager of Middle Western sales for 
the fittings division of Ladish Drop 
Forge Company, Cudahy (Milwaukee), 
Wisconsin. 

Kupper formerly was manager of 
Southern sales for the company’s fittings 
division. In his new assignment he will 
head a new office which has been opened 
at 332 South Michigan Avenue, Chicago 


Brown Expands Sale 
And Service Staffs 


A group of 45 new sales and service 
engineers have been added to the field 
staff of The Brown Instrument Com- 
pany, Philadelphia. 

The group of 25 sales engineers and 
20 service men will be assigned, about 
the first of the year, to various regional 
offices and branches throughout the 
country. All of the men now are attend- 
ing the Brown Company School of In- 
strumentation at Philadelphia. 


Jessop Steel Company Appoints 
Colwell Special Representative 


Clyde B. Colwell has been appointed 
special representative for stainless steels 
of Jessop Steel Company, Washington, 
Pennsylvania. He will make his head- 
quarters at the Chicago offices, 311 South 
Green Street. He will specialize in the 
sale of solid stainless steels, stainless- 
clad steels, stainiess-steel castings, heat- 


resisting castings, and _ acid-resisting 
castings. 
Colwell formerly was employed in 


the sales department of Carnegie-llli- 
nois Steel Corporation where he was e?- 
gaged principally in the sales of alloy 
and stainless steels. 


Arthur D. Little, Inc. 
Notes Sixtieth Anniversary 


The increasing maturity of researc 
as a function of industry is indicated 
in the recent announcement of the six 
tieth anniversary of Arthur D. Little 
Inc., probably the oldest of the existing 
consulting industrial research laborato 
ries and the largest of those which art 
not endowed institutions. The labore 
tories were founded as the firm of Gri 
fin and Little in a small office in dow™ 
town Boston in 1886. The present st 
of 175 now occupies’a group of built 
ings in Cambridge, Massachusetts, and, 
with the general growth of interest ™ 
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